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INVENTION 



Fabrics Employing Binder/Top 
Interchanging Yarn Pairs 



ATTORNEYS 



Caesar, Rivise, Bernstein, 
Cohen & Pokotilow, Ltd. 
Seven Penn Center - 12 th Floor 
1635 Market Street 
Philadelphia, PA 19103 



TO ALL WHOM IT MAY CONCERN: 

Be it known that we, Stewart Lister Hay, Scott Quigley, and Johann Boeck 
residing respectively in Great Britain, the United States of America and Austria have 
made a certain new and useful invention in Fabrics Employing Binder/Top Interchanging 
Yarn Pairs as set forth above of which the following is a specification. 
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FIELD OF THE INVENTION 

The present invention relates to fabrics employed in web forming equipment, such 
as papermaking and non-woven web forming equipment. More particularly, the 
preferred fabrics of this invention are employed as forming fabrics in web forming 
equipment; most preferably in papermaking machines. 
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BACKGROUND OF TITF, INVEN1TON 

Paper is conventionally manufactured by conveying a paper furnish, usually 
consisting of an initial sluny of cellulosic fibres, on a forming fabric or between two 
forming fabrics in a fanning section, the nascent she$t then being passed through a 
pressing section and ultimately through a drying section of a papermaldng machine. In 

* ♦ 

j * 

the case of standard tissme.^aper madiines, the paper web is transferred from the press 
fabric to a Yankee.dryer cylinder and then crep'ed. 

Paper machine clothing is essentially employed to carry the paper web through 
these various stages of the pa#etmaking machine. In the forming section the fibrous 
furnish is wet-laid onto a moving forming wire and water is encouraged to drain from it 
by means of suction boxes and foils. The paper Web is then transferred to a press fabric 

* ■ 

that conveys it. through the pressing section, where it usually passes through a series of 
pressure nips formed by rotating cylindrical press rolls. Water is squeezed from the 

* 

paper web and into the press fabric as the web and fabric pass through the nip together. 
In the final stage, the paper web is -transferred either to a Yankee dryer, in the case of 
tissue paper manufacture, or to a set of dryer cylinders upon which, aided by the 
clamping action of the dryer fabric, the majority of the remaining water is evaporated. 

So called "triple layer" paper machine fabrics are well known in the art. These 
generally comprise paper side and machine side warp and weft yarn systems, which are 
bound together by additional binder yarns whose sole function is to join the two fabric 
layers. Such structures have caused sheet marking due to binder activity on the paper side 
fabric. More recently triple-layer fabrics have become • available where interchanging 
pairs of yarns bind the two fabric layers together but also weave as part of the paper side 
weave to reduce sheet marking, 

i 

Ward US 5,437,315 discloses a triple-layer fabric with plain weave surface 
wherein, within the fabric weave repeat, each binder weft interchanges with a matching 
top weft once over a single paper side warp. The interchanging is such that when the 
binder weft appears in the paper side surface to bind with a paper side warp yam the 
paper side weft yam drops out of the paper side surface and floats between the fabric 

3 
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layers for a length of three paper Side waqp yams. The potential dewatering restriction 
caused by a binder weft interlacing Vith a paper side warp alongside a paper side weft 
knuckle is, therefore, addressed by '315. However, because there are minimal binder and 
warp interfacings in the embodiment of fi 315 due to the choice of weave pattern and MD 
yams per unit width, all of the binder yams feature long lengths of unbound yam floating 
between the paper side afrd wear side fabrics such that fabric Uiickness, water carry and 
stability may be problematic. Furthermore the low level of bMden-waip htterlacihgs m 

m 

each layer, and the preference for polyester binder material, fails to address delamination 
issues. 

EU 1,000,197A and divisional patent EU 1,1 5 8,090 A both disclose triple layer 
fabric in which the paper side weave is obtained by the interweaving of paper side 
machine direction (MD) or warp yams with both paper side weft yams and interchanging 
pairs of weft yams. In addition to each interchanging weft pair providing a single 
continuous weft path in the paper side fabric, each pair member also acts to bind the 
paper side and wear side fabrics together. 

While commercial embodiments according to '197 and divisional patent '090 
have been found to give some benefits such fabrics utilised the same MD yam diameter 

♦ 

and yarns per unit width as '315, and thus were also found t$ possess high thickness Such 
that water carried within the fabric void space may, near the end of the paper majCjhine's 
sheet forming zone, rewet the paper sheet resulting in decreased machine efficiency. EU 
1,273,698 A seeks to resolve this issue for the same weave patterns disclosed in '197/090 
by utilising greater numbers of thinner MD and CD yams than were used hitherto such 
that thinner structures with less void space are provided. While this approach is helpful in 
resolving the so-called "sheet rewet" issue it creates a new problem in that the finer fabric 
has reduced CD bending stiffness and consequently the less stable fabric has a decreased 
ability to minimise sheet basis weight profiles. 

The problem of fabric bending stiffness in a triple-layer fabric containing 
interchanging weft yam pairs was addressed to some extent by Kufferath WO 02/14601, 

■ 

wherein Figure 3 featured interchanging paper side weft pairs whose members, when not 
weaving over and under the paper side warp yams to provide a single continuous weft 
path in plain weave pattern, were positioned between the fabric layers to provide a 
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straight section of yaril bound at either end with paper side warp yarns. These stiffening 
sections of yarn contribute to enhanced fabric CD bending stiffness. Neither member of 
the interchanging top weft pair made any interlacing with wear side warp yarns to bind 

* * 

paper side and wear side fabrics together. Other pairs of interchanging wefts present in 
the same embodiment were disposed as binder-top weft pairs i.e. a paper side or top weft 
interchanged with a binder weft to provide a single continuous paper side weft path. The 
binder members of the binder-top weft pairs featured in '601 interlace with a single wear 
side fabric warp yarn, in other words "binder-top" weft pairs are provided wherein the 
top weft memfeer by virtue of its strait section helps to stiffen the feforie aiid wherein 
the binder member joins the fabric layers. Although fabric CD bending stiffness is 
enhanced there is a significantly reduced frequency of bindings of the fabric layers such 
that resistance to delamkiation decreases compared with the embodiments of '197/M)90. 
Commercial fabric from the applicants of '€01, sold under the brand name of Geoflex X- 
325 has been observed in which the interchanging top weft pairs have been replaced by 
interchanging binder-top weft pairs such that all interchanging weft pairs are of the 
binder-top type. These fabrics have been found to contain relatively coarse, thick, warp 
and weft yarns such that febric has a considerable Ihidaiess and a high potential to rewet 
the sheet. Furthermore there is minimal interlacing of binders with the wear side fabric 
layer such that fabric layer shifting and delamination issues are not addressed. 
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OBJECTS OF THE INVENTION 

It is an object of the invention to provide triple-layer fabrics with enhanced cross- 
machine-direction stiffness. 

It is a further object of the invention to* provide a triple-layer fabric having a 
desirably low void volume and water carry potential. 

* 

It is a further object of this invention, to provide a triple-layer fabric with 

9 

enhanced fabric delamination resistance between a paper side and wear side layer of the 
fabric. 

It is a more specific object of the invention to provide a relatively fine and thin 
fabric with reduced void volume and water carry potential. 

It is another object of the invention to provide a triple layer fabric with excellent 
wear side abrasion resistance. 

It is a more specific object of this invention to provide a triple layer fabric having 

■* 

a desirably low void volume and water carry potential in combination with good 
delamination resistance and CD bending stiffness. 
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SUMMARY OF THE INVENTION 

The above and other objects of this invention are obtained in "binder-top" 
composite fabrics. The meaning of "binder-top" will be explained in detail later herein. 

In accordance With 4 preferred embodiment of this invention a multi-layer 

^ * 

forming faftwic lias a papef Side Warp layer and a maphine side waip layer, the fabric 
comprising at least one set of paper si&e wefts, at least one set of machine side wefts and 
at least one pair <s€ daiterchanging weft yams, the menibers 0f each interchanging weft pair 
together forming one -continuous weft path on the paper side and all of said interchanging 
weft pair members interweaving with at least one paper side waip and, in at least one 
interchanging weft pair, oifly tfiie of the members interweaving with at feast one machine 
side warp. In other words, at least one interchanging weft yarn pair includes one weft 
yarn that, within each weave repeat, forms part of the continuous weave pattern in the 
paper side layer, and then moves out of the paper side layer adjacent one side of a paper 
side waip transition yam to float between the|>aper side and wear side layers before re- 

* * 

entering the paper side layer. This tetter weft yam does/not bind to any waip yarns in the 
wear side layer and is the "top" weft yarft of the binder-top interchanging yam pairs. The 
other yarn of the interchanging top weft yam-binder yarn pair is a binder yam that moves 
into the paper side laye& on the side of the paper^ side waip transition yarn opposite the 
side where the interchanging top weft yam of the pair moves out of the paper side layer 
to thereby maintain the continuity of the continuous weave pattern in the paper side layer 
in the location overlying the region were the interchanging top weft yam floats between 
the paper side and wear side layers. The binder yam of the pair then moves out of the 

■ 

paper side layer on the side of a second paper side warp transition yam opposite the side 
where the top weft yarn re-enters the paper side layer, and, in the region underlying the 
segment where the interchanging weft yam binds to the warp yams of the paper side 
layer, the interchanging binder yam binds to at least one warp yam of the wear side layer 
to bind together the paper side and wear side layers. In accordance with the broadest 
aspect of this invention the fabric is not required to be a forming fabric. 

7 
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In accordance with another aspect of this invention the paper side layer of the 
fabric comprises only paper side warp yarns find interchanging weft yarn pairs, of Which 
at least one pair comprises One binder member and one top weft member, such that there 
are no additional top weft yarns present. In other words interchanging yarn pairs form all 
of the continuous weft paths in the papef side layer and at least one of the interchanging 

yam pairs is a top w^l-binder yam pafr to also bind to bottom warp yarns to hold 

« 

together the paper side and wear side lay^fs. 

As used throu^iout this application, "intrinsic binder yarn/ top weft yam pairs," 
or simply "bin«fer-4Gp" pairs, nse^fts a pair of iriterdhangiiig yarns wherem one yarn of the 
pair, namely the binder yarn, forms the weft path in the paper side surface of the paper 
side layer in a first segment of each repeat of the weave pattern and then drops down to 
encircle at least one waip yam in the machine side layer in a region underlying an 
adjacent second segment in the paper side layer. The intrinsic fop weft yam of the binder- 
top pair forms the weft path in a second segment in the paper side layer , within each 
repeat of the weave pattern that is not occupied by the binder yam of the pair, and then 

drops out of the paper side layer <to float between the paper side layer and machine 

^ ■ - • 

layer in the first segment within each repeat of the weave pattern, without in any way 
binding the paper side Tayer to the machine side layer within the weave repeat. The 
resulting float, if it extends between two or more adjacent pairs of top and bottom warp 
yams, is defined herein as a stiffening section. The binder yam of the binder-top pair may 
also provide stiffening sections by interlacing with spaced apart wear side fabric MD 
yams and floating between at least two adjacent pairs of top and bottom warp yams 
between such interlacings. A "top weft yarn/binder yam pair" is illustrated in Fig. 2(b) 
of International Publication No. WO 02/14601, the subject matter of which is 
incorporated herein by reference. 

Reference throughout this application to "intrinsic interchanging weft binder 
yams" or "interchanging weft binder yams" means paired yarns, each of which forms a 
part of the weave structure in at least the paper side layer of the composite fabric and also 
binds the paper side layer and machine side layer together. Thus, each intrinsic weft 
binder yam of each pair of first and second intrinsic weft binder yams provides two 
functions within each repeat of the weave pattern. One function is to contribute to the 
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weave structure of the paper side surface of the paper side layer, and the second function 
is to bind together the paper side layer and the machine side layer. 

In accordance with the more preferred embodiments of this invention at least 50% 
of the pairs of intrinsic interchanging yarns, and most preferably 100% of such pairs, are 
intrinsic, interchanging binder-top yarn pairs providing a minimum of 2 segments within 
each weave repeat, as described above. However, it is within the scope of this invention 
to also include within the fabrics other, types of intrinsic interchanging weft ..yarn.pairs 

* 

other than binder-top yarn pairs, such, as "intrinsic binder yarn/hinder yam pairs" 
(hereinafter binder-binder) in combination wim the plurality of intrinsic, interchanging 
binder-top yarn pairs. It also is within the scope of the broadest aspects of this invention 
to provide intrinsic, interchanging binder-top yarn pairs that constitute less than 50 /o of 

t 

the pairs of intrinsic interchanging yarns: 

In accordance with certain preferred embodiments of this invention the ratio of 
paper side to wear side waip yam diameter is in excess of 0.75 such that when relatively 
fine paper side MD yams are used the fabric thickness is suitably low. 

In accordance with certain preferred embodiments of this invention the cover 
factor of <the paper side waip yarns/cm unit width {calculated by multiplying yarn 
diameter by the number of yams/cm by 10) is in excess of 40.0% such that when 
relatively fine paper side MD yarns are used the initial drainage through the fabric may 

be adequately controlled. 

In accordance with certain preferred embodiments of this invention the paper side 
and wear side warp diameter combinations are selected from the group of: 0.1 1mm paper 
side and up to 0.15mm wear side; 0.12mm paper side and up to 0.17mm wear side; 
0.13mm paper side and up to 0.19mm wear side; 0.14mm paper side and up to 0.19mm 
wear side; 0.15mm paper side and up to 0.20mm wear side; & 0.16mm paper side and up 

» 

to 0.22mm wear side. 

In accordance with certain preferred embodiments the paper side MD yarns/cm 
unit width when using 0.12mm paper side MD yams is in the region of 35 to 40 
yams/cm; when using 0.13mm paper side MD yams is in the region of 30 to 35 yams/cm; 
when using 0.14mm paper side MD yams is in the region of 30 to 35 yams/cm; when 
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using 0.15mm paper side MD yarns is in the region of 28 to 33 yarns/cm and when using 
0.16mm paper side MD yarns is in the region of 26 to 33 yarns/cm. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

* ........ 

Details of various preferred embodiments of the invention will now be described 
in connection with the following drawings, wherein: 

Fig. 1 is a cross sectional view of a 20 shaft, triple-layer fabric , of the prior art 
showing the weave paths of 3 pqper side wefts, 3 wear. side wefts, and* 2 pairs of 

* 

interchanging binder-top weft yams in a partial repeat of the fabric weave, said prior art 
fabric being shown for comparative purposes; 

Fig. 2 is a cross sectional view of a 20 shaft, triple-layer fabric, with effective 
paper side to wear side CD ratio of two to one, of the current invention showing the 
weave paths of all CD yarns in a foil repeat of the total fabric? weave comprising 10 paper 
side wefts, 1 0 wear side wefts, and, 1 0 pairs of interchanging binder-top weft yarns; 

* 

Fig. 3 is a cross sectional view of another 20 shaft, triple-layer fabric, with 
effective paper side to wear side CD ratio of two to one, of the current invention showing 
the weave paths of all CD yarns in a full repeat of the total fabric weave comprising 10 
paper side wefts, 10 wear side wefts, and, 10 pairs of interchanging biijder-top weft 
yarns; 

Fig. 4 is a cross sectional view of a third 20 shaft, triple-layer fabric, with 
effective paper side to wear side CD ratio of two to one, of Ihe current invention showing 
the weave paths of 3 paper side wefts, 3 wear side wefts, and, 2 pairs of interchanging 
binder-top weft yarns in a partial repeat of the fabric weave, the full weave repeat 
comprising 10 paper side wefts, 10 wear side wefts, and, 10 pairs of interchanging 

» 

binder-top wsft yarns; 

Fig. 5 is a cross sectional view of a fourth 20 shaft, triple-layer fabric, with 

* 

effective paper side to wear side CD ratio of two to one, of the current invention showing 
the weave paths of 10 paper side wefts, 10 wear side wefts, and, 10 pairs of interchanging 
binder-top weft yarns in a partial repeat of the fabric weave, the full weave repeat 
comprising 20 paper side wefts, 20 wear side wefts, and, 20 pairs of interchanging 
binder-top weft yarns; ' 

Fig. 6 is a cross sectional view of a fifth 20 shaft, triple-layer fabric, with effective 
paper side to wear side CD ratio of two to one, of the current invention showing the 

11 
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weaye paths of all CD yarns in a foil repeat of the total fabric weave comprising 10 paper 
side wefts, 10 wear side wefts, and, 10 pairs of interchanging binder-top weft yarns; 

Fig. 7 is a cross sectional view of a sixth 20 shaft, triple-layer fabric, with 
effective paper side to wear side CD ratio of two to one, of the current invention showing 
the weave paths of all CD yarns in a full repeat of the total fabric weave comprising 10 
paper side wefts,' 10 wear side wefts, and, 10 pairs of interchanging binder-top weft 
yarns; 

Fig. 8 is a cross sectional view of a seventh 20 shaft, triple-layer fabric, with 
effective paper side to wear side CD ratio of two to one, of the current invention showing 
the weave paths of all CD yarns in a full repeat of the total fabric weave comprising 10 
paper side wefts, 10 wear side wefts, and, 10 pairs of interchanging binder-top weft 
yarns; 

Fig. 9 is a cross sectional view of an eighth 20 shaft, triple-layer fabric, with 
effective paper side to wear side CD ratio of two to one, of the current invention showing 
the weave paths of 3 paper side wefts, 3 wear side wefts, and, 2 pairs of interchanging 
binder-top weft yarns in a partial repeat of the fabric weave, the full weave repeat 
comprising 10 paper side wefts, 10 wear side wefts, and, 10 pairs of interchanging 

binder-top weft yarns; 

Fig. 10 is a cross sectional view of a ninth 20 shaft, triple-layer fabric, with 
effective paper side to wear side CD ratio of two to one, of the current invention showing 

m 

the weave paths of 3 paper side wefts, 3 wear side wefts, and, 2 pairs of interchanging 
binder-top weft yarns in a partial repeat of the fabric weave, the full weave repeat 
comprising 10 paper side wefts, 10 wear side wefts, and, 10 pairs of interchanging 

■ 

binder-top weft yarns; 

Fig. 11 is a cross sectional view of a tenth 20 shaft, triple-layer fabric, with 
effective paper side to wear side CD ratio of two to one, of the current invention showing 
the weave paths of all CD yarns in a full repeat of the total fabric weave comprising 10 
paper side wefts, 10 wear side wefts, and, 10 pairs of interchanging binder-top weft 
yarns; 

Fig. 12 is a cross sectional view of an eleventh 20 shaft, triple-layer fabric, with 
effective paper side to wear side CD ratio of two to one, of the current invention showing 
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the weave paths of 3 paper side wefts, 3 wear side wefts, and, 2 pairs of interchanging 
binder-top weft yams in a partial repeat of. the fabric weave, the full weave repeat 
comprising 10 paper side Wefts, 10 wear side wefts, and, 10 pairs of interchanging 

binder-top weft yarns; 

Fig. 13 is a cross sectional view of a twelfth 20 shaft, triple-layer fabric, with 
effective paper side to wear side CD ratio of one to one, of the current invention showing 
the weave paths of 3. paper side wefts, 5 wear side wefts, and, 2 pairs of interchanging 
binder-top weft yarns in a partial repeat of the fabric weave, the full weave repeat 
comprising 10 paper side wefts, 20 wear side wefts, and, 10 pairs of interchanging 

binder-top weft yarns; 

Fig. 14 is a cross sectional view of a thirteenth 20 shaft, triple-layer fabric, with 
effective paper side to wear side CD ratio of three to two, of the eurrent invention 
showing the weave paths of 4 paper side wefts, 4 wear side wefts, and, 2 pairs of 
interchanging binder-top weft yarns in a partial repeat of the fabric weave, the full weave 
repeat comprising 40 paper side wefts, 40 wear side wefts, and, 20 pairs of interchanging 

« 

binder-top weft yarns; , 

Fig. 15 is a cross sectional view of another embodiment of the invention in the 
form of a 28 shaft, triple-layer fabric, with effective paper side to wear side CD ratio of 
two to one,' of the current invention showing the weave paths of all CD yarns in a full 
repeat of the total fabric weave comprising 14 paper side wefts, 14 wear side wefts, and, 
1 4 pairs of interchanging binder-top weft yarns; 

Fig. 16 is a cross sectional view of a 32 shaft, triple-layer fabric, with effective 
paper side to wear side CD ratio of two-to-one, of the current invention showing the 
weave paths of 3 paper side wefts, 3 wear side wefts, and, 2 pairs of interchanging 
binder-top weft yams in a partial repeat of the fabric weave, the full weave repeat 
comprising 16 paper side wefts, 16 wear side wefts, and, 16 pairs of interchanging 

binder-top weft yarns; 

Fig. 17 is a cross sectional view of a fourteenth 20 shaft, triple-layer fabric, with 
effective paper side to wear side CD ratio of two to one, of the current invention showing 
the weave paths of 5 paper side wefts, 5 wear side wefts, 2 pairs of interchanging binder- 
top weft yarns, and 2 pairs of interchanging binder-binder weft yarns in a partial repeat of 
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the fabric weave, the full weave repeat comprising 20 paper side wefts, 20 wear side 
wefts, 10 pairs of interchanging binder-top weft yarns; and 10 pairs of interchanging 
. binder-binder weft yarns; 

Fig. 18 is a cross sectional^ view of one pair of interchanging binder-top weft 
yarns from a fifteenth 20 shaft triple-layer fabric of the current invention^ 

Fig. 19 is a cross sectional view of one pair of .interchanging binder-top weft 
yarns from a 24 shaft triple-layer fabric of the current invention; 

Fig. 20 is a cross' sectional view of one pair of interchanging binder-top weft 
yarns from a sixteenth 20 shaft triple-layer fabric of the current invention; and 

Fig. 21 is a summary chart of various features of the embodiments of this 
invention shown in Figs. 1-20. 




TrasCRTPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION 

In describing various embodiments of the invention reference may be made to a 
number of features, which are defined below, prior to describing the various 
embodiments of this invention. 

a) Interchanging Weft Yarn Segments 

The two members, or yams, of an interchanging weft pair interchange to provide 
one continuous weft path on the paper side fabric, or layer and one or both of the pair 

* 

may also bind to wear side fabric MD yarn(s). Each part of the paper side weft path 
made by one of the pair members is defined as a "segment." The segment length is 
* defined as the number of paper side layer warps in an adjacent preceding transitional 
region plus the paper side warps with which the interchanging yarn weaves under or over 
before entering the next transitional region. In the fabrics of the invention the yarns of 
each interchanging yarn pair typically transition, or move in/out of the paper side layer 
alongside opposite sides of common paper side warp yarn(s), such that the two members 
of the interchanging pair actually cross each other beneath such warp yarn{s). The 
common paper side warp yarn(s) is (are) referred to as a "transitional" (warp) yam or 
yarns. In the most preferred embodiments the common paper side warp yarn is a single^ 
top warp yam, and the yarn of an interchanging yam pair that is weaving with the top . 
warp yarns in the paper side layer upstream of that transitional warp yam will move out 
of the paper side layer adjacent the upstream side of the transitional warp yam and the 
other yarn of the pair will move into the paper side layer adjacent the other, or 
downstream side of the transitional warp yam. The two interchanging yams cross each 
other in a region generally underlying the transitional warp yarn. The upper surface of 
each such transitional warp yam maybe referred to as a transition point, even though the 
interchanging weft pair transition (i.e., crossover) occurs under these yams. In instances 
where the interchanging yarn pair transitions between contiguous paper side warp yams, 
instead of under one or more paper side warp yarns, then the transition point is 
considered to be located equidistant to both of the contiguous paper side warp yarns. It 
should also be noted that the further terms "interchange point(s)" and "interchange 
warp(s)" as used within this application have identical meanings to "transition point(s)" 
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and "transitional wafpCs)" respectively. It also should be noted that such interchanging 
points and interchanging warps are included in prior art structures, such as the structures 
disclosed in the earlier identified Ward 4 197 patent, which already has been fully 
incorporated by reference herein. 

As with the weave repeat of the prior art fabrics, embodiments shown herein 
repeat after two interchanging yarn segments. When a pair of first and second ifitrinsic, 
interchanging weft yarns includes two segments in the paper side layer within each repeat 

* * it 

of the weave pattern, each yarn of that pair interchanges position into and out of the paper 
side layer two times within each such repeat. That is, a first yarn of the interchanging 
yarn pair is in the paper side layer in a first segment to form part of the continuous top 
weave pattern in each repeat; is beneath the paper side layer in a region underlying a 
second segment where it may also bind to one or more bottom warp yarns or alternatively 
it may remain between the fabric layers, and then is in the paper side layer in a first 
segment of a new repeat, of the weave pattern. The other, or second, yarn of the 
interchanging yarn pair is in.the paper side layer in the. second segment to cooperate with 
the first yarn of the pair to complete the continuous top weave pattern in each repeat of 
the weave pattern; is in the machine side layer underlying a first segment of the paper 
side layer to bind to one or more bottom warp yarns in a region underlying such first 
segment, and then is in the paper side layer in a second segment of an adjacent repeat of 

* 

the weave pattern. 

It is also possible to make multi-segment structures with 4 or more segments, as 
disclosed in co-pending provisional patent application no. 60/477,376, filed on June 1 0, 
2003, and incorporated herein by reference and attached hereto as Exhibit A. 
b) Binder Internal Float Length 

The binder yarn in each interchanging pair of yarns employed in multi-layer 
fabrics of this invention moves between one fabric layer and the other. Thus, at some 
stage, after binding with an MD yarn of a first fabric layer the binder yarn then floats 
between warp yams of the respective fabric layers before entering the second fabric layer 
to bind with an MD yarn in the second layer. The distance between leaving the first fabric 
layer and entering the second fabric layer is specified in terms of pairs of MD yams and 
is the binder's internal float length (or simply "float length") e.g., for a binder float length 
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equal to one, the binder passes below a warp of the upper fabric layer and above a warp 
of the lower fabric layer with both of said warp yarns being aligned and constituting one 
pair of MD yarns. Embodiments of this invention illustrated herein are fabrics with 1:1 
ratio of top-to-bottom MD yarns. However, within the broadest scope of this invention 
MD ratios other than 1:1 can be employed, for example, 3:2 or 2:1. In such cages the 
binder will float between foil or partial groups of warp yarns instead of between pairs. 

Excessively long binder float lengths are not preferred because they may create a 
relatively large vertical distance^ or gap, inside the fabric, i.e. between the paper side and 
machine side layers, supft that the structure may carry and retain more water than desired 
during sheet formation. The carried water, in turn, may be discharged onto the sheet 
being formed at the end of the forming section, thus undesirably increasing the sheet 
moisture content. Preferred embodiments of the invention have binder float lengths of 
between 1 and 3. 

c) Interchanging Yarn Stiffening Section 
Each interchanging yarn may, after interlacing around a warp yam on the outside 
of either fabric layer, return to and remain inside the fabric, i.e;, between the two fabrip 
layers, before makimg a further interiaeiiig with another warp yam of the same layer. In 
the paper side layer of certain fabrics of this invention fee interchanging yam pair 
provides long external CD orientated yarn floats while in other fabrics of the invention 
the interchanging yams weave in a plain weave, i.e., such that they weave over and under 
single adjacent warp yams of the paper side layer. However, an interchanging yam 
stiffening section within the fabrics of this invention requires the interchanging yam to 
remain inside the fabric for two or more adjacent warp yams and to be bound on each end 
of the stiffening section with a warp yam of the same fabric layer. By this means a 
straight section of yam is provided to enhance fabric cross-machine-direction (CD) 
bending resistance. Furthermore, it may also be possible to reduce the internal float 
length of the binder yam by creating a stiffening section through interlacing with wear 
side fabric MD yams to ensure a minimal "layer gap" between the respective fabric 
layers. These features of the invention are desirable to minimize undesired sheet moisture 
content and profiles therein, respectively, and will be described in detail hereinafter with 
respect to various embodiments of this invention. 
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d) Locked/unlocked Binder 

This refers to the binder memb<ers of the interchanging weft pairs and more 
particularly to the binder knuckle positions on the wear side layer in relation to the 
interfacings of adjacent wear side fabric warp and weft (non-interchanging) yarns. Where 
a binder of an interchanging yarn pair makes a knuckle under a yarn, or contiguous yarns, 
of the wear side layer and said knuckle is bordered on both sides by the adjacent warp 
yarns of the wear side layer interlacing with non-interchanging bottom .weft yarns then 
said binder knuckle is classified as "locked" into position because the adjacent yarns will 
not iftlow that binder knuckle to move from its position, either in fabric manufacture or in 
end use of the fabric. Where the binder knuckle is not so bordered on both sides by MD- 
CD interfacings then it is classified as "unlocked." Both unlocked and locked binder 
knuckle positions are included in embodiments of this invention. 

In order to better understand the present invention, a prior art, 20 shaft fabric 
disclosed in Ward U.S. Patent No. 5,437,315 will be briefly described in connection with 
Fig. 1. 

As can be seen in Fig. 1, several weft paths from the prior art fabric according to 
the Ward '315 patent are shown. Specifically, Fig 1 shows three, non-interchanging top 
weft yams Tl, T2 and T3; three, non-interchanging bottom weft yarns Bl, B2 aiid B3 and 
two pairs 40 and 42 of interchangirig top weft/binder yarns. The pair 40 includes top 
weft yam II (shown in solid line) and binder yam 12 (shown in dotted line). The pair 42 
includes top weft yam 13 (shown in sold line) and binder yam 14 (shown in dotted line). 

It is clear from Figure 1 that the binder weft yam 14 of the interchanging pair 42 
has relatively long internal paths between the paper side and wear side layers. 
Specifically, in each weave repeat, binder weft yam 14 floats between four adjacent top 
and bottom warp pairs 19-20, 1-2, 3-4 and 5-6 before binding to top warp yam 7, and 
then floats between three adjacent top and bottom warp pairs , 9-10, 11-12 and 13-14 
before binding to adjacent bottom warp yams 16 and 18. Long internal binder yam paths, 
or floats, are known to contribute to undesirably high fabric thickness and also can move 
quite freely, thereby resulting in significant binder wear due to contact of the weft yam 
with the inside of the two fabric layers as the composite structure travels around the paper 
machine. 
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The preferred embodiments of '315 also use a relatively low number of MD yams 

, * * 

in each layer such that distances between paper side yarns, and thus binder float length, 
are further extended. 

Referring to Fig» 2, a first preferred embodiment of this invention is shown. This 
fabric is a 20 shaft, triple-layer fabric containing ten (10) pairs of interchanging binder- 
top weft yams 4Qa, 42a, 44a . . . 58a. Which alternate with ten (10) pairs of non- 
interchanging top - weft yarns and bottom weft yarns Tl-Bl, T2-B2, T3-B3 . . . T10-B10. 
Each of the pairs of interchanging hinder-top weft yams interchange to provide two paper 
side segments. The binder yam 11 (dotted line) of the first pair 40a of interchanging 
binder-top weft yarn pairs provides a first paper side segfrient of 6 paper side warp yams 
17, 19, 1, 3, 5 and 7, and binds in a locked position, to a single bottom warp yam 14 in 
regions underlying said second segments. The top weft y^m 12 (solid line) of said first 
interchanging binder-top weft yam pairs 40a provides a second paper side segment, but 

of 4 paper side warp yams 9, 11, 13 and 15, and floats between the paper side and wear 

* *" 

side fabrics to provide a stiffening section of 7 warp pairs in the region underlying said 
first segments, i.e., 17-18, 19-20, 1-2, 3-4, 5-6, 7-8 and 9-10. Alternate pairs 40a, 44a, 
48a, 52a and 56a are of the same general arrangement as pair 40a, having the same paper 
side segment lengths, provided respectively by binder and top members, as described in 
connection with interchanging pair 40a and the binder yam of each such pair binding to a 
single wear side warp yam in a locked position, as can be seen in Fig. 1. 

Alternate pairs of binder-top weft yams 42a, 46a, 50a, 54a and 58a are of the 
same general arrangement, as will be described in detail with respect to pair 42a. In pair 
42a, binder yam 13 (solid line) provides the shorter paper side segment of 4 paper side 
warp yarns 13, 15, 17 and 19 and binds in a locked position, to single wear side warp 
yarn 8 in the region underlying the longer segment of 6 paper side warp yams 1, 3, 5, 7, 9 
and 1 1 provided by the top weft yam 14 (dotted line). In said second alternate binder-top 
pairs 42a, 46a, 50a, 54a and 58a the stiffening section length provided by the top weft 
yam of the pair is reduced to 5 pairs of warp yams, e.g., 13-14, 15-16, 17-18, 19-20 and 
1-2 provided by 14 , of pair 42a. 

Thus, the fabric illustrated in Fig. 2 has a reversing insertion order of the long and 
short segments between adjacent interchanging bind-top yam pairs. That is, in one of the 
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pairs, e.g., 4_0a, the binder yarn/11 (dotted line) is inserted prior to top weft yarn 12 and 
provides three (3) paper side knuckles over top warp yarns 19, 3 and 7 in the paper side 
segment. However, in the adjacent pair 42 a, the yarn that provides only-2 knuckles in the 
paper side layer is inserted first; which is binder yarn 13 (solid line) forming 2 knuckles 
over top warp yarns 15 and 19 in the paper side segment. This reversing insertion order 
is identified by the numbers to the left of the interchanging yarns of each pah 4 , which 
numbers specify the number of knuddes formed by the specific interchanging yarns. 
Thus, the numbers "3 - 2" to the left of the interchanging pairs 40a, 44a, 48a, '52a and 
56a means that the yarn of the pair that forms 3 paper side knuckles is inserted first, and 
the yam of the pair that forms 2 paper side knuckles is inserted second. In binder pairs 
42a, 46a, 50a, 54a and 58a the yarn of the pair that forms 2 paper side knuckles is 
inserted first, and the yarn of the pair that forms 3 paper side knuckles is inserted second. 
In each alternative pGir 40a, 44a, 48a, 52a and 56a, the binder yam of the pair forms the 3 
paper side knuckles and the top weft yam of the pair forms the 2 paper side knuckles 
within their respective top, or paper side segments. Note that in all 1 0 interchanging pairs 
in this embodiment the binder member is inserted first. The reversing refers to the paper 
side segment lengths - not the yam function. Reversing of segments, or insertion order of 
binder-top members, or both segments and members is not a requirement of the invention 
but may be utilised for any embodiment of the invention if desired for example to break 
up patterns caused by alignment of paper side interchanging yam knuckles or wear side 
binder knuckles. 

Referring to Fig. 3, another embodiment of this invention is shown. The fabric of 
this embodiment is a 20 shaft, triple-layer fabric containing pairs of interchanging binder- 
top weft yams that interchange to provide two paper side segments, as in the previously 
described embodiment shown in Fig. 2. The binder yam of all said pairs of interchanging 
binder-top weft yam pairs provides a first paper side segment of 6 paper side warp yarns, 
and binds in a locked position, to a single bottom warp yam in regions underlying said 
second segments. For example, the binder yam II (dotted line) of the interchanging 
binder-top weft pair 40b provides a first segment with paper side warp yams 17, 19, 1, 3, 
5 and 7, and the binds in a locked position to single bottom warp yam 14. As can be 
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seen from Fig. 3, this same relationship exists for the binder yarns of each of the 

■ 

interchanging pairs 40b, 42b, 44b ... 58b. 

The top weft yarn of said interchanging binder-top weft yarn pairs provides a 
second paper side segment, but always of 4 paper side warp yarns, and floats between 
paper side and wear side fabrics to provide a stiffening section of 7 warp pairs in the 
region underlying said first segments such that the stiffening effect is increased by 
comparison to the first embodiment. For example, the top weft yam 12 (solid line) of the 
binder pair 40b provides a sie£6nd paper side segment with top warp yarns 9, 11, 13 and 

■ 

15, and then floats between warp pairs 17-18, 19-20, 1-2, 3-4, 5-6, 7-8 and 9-10. As can 
be seen in fig. 3 this same relationship exist for the top weft yarn in each of the 
interchanging yarn pairs 40b, 42b, 44b ... . 58b. 

The fabric disclosed in Fig. 3 employs a reversing insertion order for the 
interchanging yarn pairs. That is, the binder yam of dach pair, which forms three paper 
side knuckles in the paper side segment alternates between being inserted first and second 
in each respective pair 40b, 42b, 44b . . .58b. Likewise, when the bindo^yarn is inserted 
first, the top weft yarn of the corresponding pair, which forms two knuckles in the paper 
side segment, is inserted second, and vice versa. 

Table 1 sj^ows some test data for a sample fabrfe according to Figure 3 compared 
with the weave according to the prior art Ward ' 1 97 patent. 



Table 1 





Ward '197 


Fig 3 


MD Dia PS/WS(mm) 


0.12/0.15 


0.12/0.15 


CD DiaPS/WS(mm) 


0.13/0.20 


0.13/0.20 


Interchanging pair Dia 
(mm) 


0.13 


0.13 


MD/CD Yams/cm 


76.4/59.3 


76.3/59.3 


Thickness (mm) 


0.70 


0.70 


Void volume (cmVm 2 ) 


443 


446 


CD Bend Stiff Ratio 


100 


119 


PS Support Points 
(/cm 2 ) 


1509 


1508 
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Table 1 shows the only significant difference is the enhanced CD bend stiffness of 
the invention, i.e., an almost 20% increase. Both sample fabrics utilised 0.1 2/0. 15mm 
paper side and wear side MD yarn diameter, respectively at approximately 76 MD/cm. 
CD and binder diameter were 0.13mm and other suitable diameters include 0.10mm, 
0,11mm, and 0.12mm. The utilisation of relatively high MD yams/cm allows the weave 
to repeat in a very small area such that a relatively high number of binding points can be 

* 

obtained to enhance delamination resistance. 

Referring to Fig. 4, a partial representation of another embodiment of a fabric iii 
accordance with this invention is shown. This latter fabric, like the earlier described 
embodiments, is a 20 shaft, triple-layer fabric containing pairs of interchanging binder- 
top weft yarns, e.g., 40c, 42c, which interchange to provide two paper side segments, and 
with each interchanging pair alternating with a pair of non-interchanging top weft yams 
and bottom weft yarns, e.g., Tl-Bl, T2-B2 and T3-B3,. The binder yam of all .said pairs, 
of interchanging binder-top weft yam pairs provides a first paper side segment of 4 paper 
side warp yams, and binds, in a locked position, to a single bottom warp yarn in regions 

« 

underlying said second segments. For example, the binder yam 12 (solid line) of 
interchanging pair 40c provides a paper side segment with top warp yams 9, 11, 13 and 
15, and then binds, in a locked position, to bottom warp yam 4. This same relationship 
exists for binder yam 13 of interchanging pair 42c, as well as for all of the remaining 
interchanging pairs. 

The top weft yam of each of said interchanging binder-top weft yam pairs 
provides a second paper side segment, but always of 6 paper side warp yarns, and floats 
between paper side and wear side fabrics to provide a stiffening section of 5 warp pairs in 
the region underlying said first segments such that the stiffening effect is decreased by 
comparison to the previous embodiment. For example, top weft yam II (dotted line) of 
the interchanging pair 40c provides a second paper side segment with paper side warp 
yams 17, 19, 1, 3, 5 and 7, and then floats between the five warp pairs 9-10, 11-12, 13-14, 
15-16 and 17-18. This same relationship exists for top weft yam 14 of the interchanging 
pair 42c, as well as for all of the remaining interchanging pairs. 

As in the fabric disclosed in Fig. 3, the fabric disclosed in Fig. 4 employs a 
reversing insertion order for the interchanging yam pairs. That is, the binder yam of each 
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pair, which forms two paper side knuckles in the paper side segment alternates between 
being inserted second and first in each respective pair 40c, 42c, etc. Likewise, when the 
binder yarn is inserted first, the top weft yarn of the corresponding paiiv which forms 
three knuckles in the paper side segment, is inserted second, and vice versa. 

As in the previous 20 shaft embodiments, the fabric has 10 non-interchanging top 
weft yarns (Tl-10), 10 nOn-interchanging bottom weft yarns (Bl-10) and 10 pairs of 

■ 

binder-top weft interchanging yarn pairs. Both the top weft yarns Tl-10 and bottom weft 
yarns Bl-10 can provide tfie identical weave pattern with the top and bottom warp yarns, " 
respectively, as the previously disclosed embodiments. The binder yarn of adjacent 
interchanging pairs binds to a single bottom warp yam that shifts 2 warp yarns from the 
previous binder yarn. For example, binder yam 12 of the pair 40c binds to bottom warp 
yarn 4. Binder yam 13 of the interchanging pair 42c shifts over two bottom warp yams to 
bind to bottom warp yam 8. Similarly, the binder yam of the next interchanging pair 

binds to bottom warp yam 12; the binder yam of the next interchanging pair binds to 

* 

bottom warp yam 1 6, etc. 

Referring to Fig. 5, a fiaufeer embodiment of a 20 shaft, triple-layer fabric is 
shown. However, Only one-half of the full weave repeat is illustrated. In this 
embodiment the fabric contains pairs of interchanging binder-top weft yams which 
interchange to provide two paper side segments as in n the previously described 
embodiments. The binder yarn of all said pairs of interchanging binder-top weft yam 
pairs provides a first paper side segment of 6 paper side warp yams (as with the 
embodiment shown in Figure 3), and binds to a single bottom warp yarn, in a locked 
position, in regions underlying said second segments. For example, binder yam II 
(dotted line) of interchanging pair 40d forms a first paper side segment with 6 paper side 
warp yams 17, 19, 1, 3, 5 and 7, and thea binds to single bottom warp yam 14. This 
same relationship holds true for the binder yams in each of the other binder pairs in the 
fabric, as can be seen in Fig. 5. It should be noted that each binder yam binds to a bottom 
warp yam that steps 3 to the left from the previously bound bottom warp yam. For 
example, binder yam 14 (dotted) binds to bottom warp yam 8, which steps 3 to the left 
from the previously bound bottom warp yam 14 provided by binder weft yam II . 
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The top yarn of said interchanging binder-top weft yarn pairs provides a second 
paper side segment, but always of 4 paper side warp yarns, and floats between paper side 
and wear side fabrics to provide a stiffening section of 7 warp pairs in the region 
underlying said first, segments such that the stiffening effect is increasedby comparison 
to the first embodiment which had alternative stiffening sections of 5 and 7 warp pairs 
respectively. For example, top weft yarn 12 of the interchanging pair 40d provides a 
second paper side segment with 4 paper side warp yarns 9, 11, 13 and 15 and then floats 
between the 7 warp paits 17-18, 19-20, 1-2, 3-4, 5-6, 7-8 and 9-10- This same 
relationship exists for the top weft yams in all of the interchanging yam pairs, as can be 
seen in Fig. 5. In this embodiment the weave pattern of the non-interchanging top and 
bottom weft yams is the same as in the previously disclosed embodiments. However, the 
relative posMon of the transitional warp yams for the interchanging binder-top weft yam 
pairs has been modified to change the twill pattern developed by this weave feature in the 
fabric paper side. As a result of this change, Fig. 5 shows only one-half of the full weave 
repeat. The full weave repeat includes 20 non-interchanging top weft yam (Tl-20), 20 
non-interchanging bottom warp yams (Bl-20) and 20 interchangiiigl)inder-top yam pairs 
(40d,42d,44d. . ..78d). 

The fabric disclosed in Fig. 5 employs a reversing insertion order for the 
interchanging yam pairs. That is, the binder yam of each pair, which forms three paper 
side knuckles ill the paper side segment alternates between being inserted first and second 
in each respective pair 40d, 42d, etc. Likewise, when the binder yam is inserted first, the 
top weft yam of the corresponding pair, which forms two knuckles in the paper side 
segment, is inserted second, and vice versa. 

Referring to Fig. 6, an additional embodiment of a 20 shaft, triple-layer fabric is 
shown. This fabric contains pairs of interchanging binder-top weft yams which 
interchange to provide two paper side segments as in the previously disclosed 
embodiments. The binder yam of all said pairs of interchanging binder-top weft yam 
pairs provides a first paper side segment of 4 paper side warp yams (as with Figure 4), 
but unlike the prior embodiments the binding to a single bottom "warp yam in regions 
underlying said second segments herein occurs in an unlocked position. For example, the 
binder yam 12 (solid line) provides a first paper side segment with the 4 paper side warp 
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yarns 13, 15, 17 and 19, and binds, in an unlocked position, to bottom warp yarn 8. fThat 
is, although the non-interchanging bottom weft yarn B2 on one side of the interchanging 
pair 40e does bind to bottom warp yarn 6, immediately adjacent the bottom warp yarn S 
engaged by the binder yarn 12 of the interchanging pair 40e, the non-interchanging 
bottom weft yarn Bl on the other side of the -interchanging pair 40e does not bind with 
waip yarnl 0 as would be required to lock the binder knuckle in position. 

The top yarn of said interchanging binder-top weft yarn pairs provides a second 
paper side segment, but always of 6 paper side warp yarns, and floats between paper side 
and wear side fabrics to provide a stiffening section of 5 warp pairs in the region 
underlying said first segments. For example, top weft yarn II (dotted line) of the 
interchanging binder-top weft yarn pair 40e provides a second paper side segment with 
the 6 paper side warp yarns 1, 3, 5, 7, 9 and 11, and provides a stiffening section of 5 
warp pairs 13-14, 15-16, 17-18, 19-20 and 1-2. As" can be seen in Fig. 6, this same 
relationship exists for the top weft yarns of each of the other interchanging pairs in the 

t 

weave repeat. 

The fabric disclosed in Fig. 6 employs a reversing insertion order for the 
interchanging yarn pairs. That is, the binder yarn of each pair, which forms two paper 
side knuckles in the paper side segment alternates between being inserted second and first 
in each respective pair 40e, 42e, etc. Likewise, when the binder yarn is inserted first, the 
top weft yarn of the corresponding pair, which forms tihree knuckles in the paper side 
segment, is inserted second, and vice versa. 

Referring to Fig. 7 another embodiment of a 20 shaft, triple-layer fabric in 
accordance with this invention is disclosed. This latter fabric contains pairs of 
interchanging binder-top weft yarns which interchange to provide two paper side 
segments as in the previously described embodiments. The binder yarn of all said pairs of 
interchanging binder-top weft yarn pairs provides a first paper side segment of 6 paper 
side warp yarns, but unlike prior embodiments wherein the binder interlaced a single 
bottom warp yam, in a locked position, in regions underlying said second segments, 
herein the binders always interlace with two contiguous wear side warp yams in a locked 
position. For example, binder yarn II of the interchanging binder pair 40f provides a first 
paper side segment of 6 paper side warp yams 13, 15, 17, 19, 1 and 3, and then binds to 

* 

■ 
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adjacent bottom warp yarn 8,10 underlying a second paper side segment formed by the 
top weft yam 12 (solid line). This same relationship exists for the binder yarns in all of 
the interchanging pairs of yarns in the weave repeat. 

The top yam of said interchanging binder-top weft yam pairs provides a second 
paper side segment, but always of 4 paper side warp yams, and floats between paper side 
and wear side fabrics to provide a stiffening section of 7 warp pairs in the region 
underlying said first segments such that the stiffening effect is increased by comparison 
to the first embodiment. For example, the top weft yam 12 of the interchanging pair 40f 

» 

provides a second paper side segment with 4 paper side warp yams 5, 7, 9 and 11, and 
also floats between the 7 warp pairs 13-14, 15-16, 17-18, 19-20, 1-2, 3-4 and 5-6. This 
same relationship exists for all of the top weft yarns in the other pairs of interchanging 
yams. 

Regarding the internal binder float lengths in Figure 7 these vary between 1 and 2 
warp pairs and are thus very short to ensure a tight binding of the respective fabric layers. 
By way of illustration binder II floats between MD pair 5-6 and again between MD pair 
11-12, 13-14 to give float lengths of 1 and 2 respectively. The short float lengths were 

* M 

achieved by the multiple wear side and paper side bindings of the binder; yam. Float 
length will vary according to these features. 

The fabric disclosed in Fig. 7 employs a reversing insertion order for the 
interchanging yam pairs. That is, the binder yarn of each pair, which forms three paper 
side knuckles in the paper side segment alternates between being inserted first and second 
in each respective pair 40f, 42f, etc. Likewise, when the binder yam is inserted first, the 
top weft yam of the corresponding pair, which forms two knuckles in the paper side 
segment, is inserted second, and vice versa. 

Referring to Fig. 8 another embodiment of a 20 shaft, triple-layer fabric of this 
invention is disclosed. This latter fabric contains pairs of interchanging binder-top weft 
yams which interchange to provide two paper side segments as in the previously 
disclosed embodiments. The binder yam of the pairs of alternate interchanging binder-top 
weft yam pairs 40g, 44g, 48g, 52g and 56g provides a first paper side segment of 4 paper 
side warp yams, and binds, in a locked position, to a first wear side warp yam and also 
binds, in an unlocked position, to a second wear side warp yam to provide additional 

* 
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delamination resistance, both bindings being located in regions underlying said second 

■ 

segments. By way of example, the hinder yarn 12 (solid line) of the binder-top weft yarn 
pair 40g provides a first paper side segment with the 4 paper side warp yarns I, 3, 5 and 7, 
and then binds to bottom warp yarn 14, which is locked, and also to bottom warp yarn 18, 
which is unlocked. Specifically, the binding to bottom warp yarn 14 is locked because 
the non-interchanging bottom weft yarns Bl and B2 on opposite side of the binder yarn 
12 binds to immediately adjacent bottom warp yarns 12 and 16, respectively. However, 
this locked relationship does not exist for the binding of the bottom' warp yarn 18 by the 
binder yarn 12. 

The top weft yarn of said alternate, interchanging binder-top weft yarn pairs 40g, 
44g, 48g, 52g and 56g provides a second paper side segment, but of 6 paper side warp 
yarns, and floats between paper side and wear side fabrics to provide a stiffening section 
of 5 warp pairs in the region underlying said first segments. By way of example, the top 
weft yarn II (dotted line) of the interchanging pair 40g provides a second paper side 

segment with the 6 paper side warp yarns 9, 11, 13, 15, 17 and 19, and also floats 

>» » 

between the 5 warp pairs 1-2, 3-4, 5-6, 7-8 and 9-10. . 

The above alternating pairs of interchanging yarns, which have the above 
described weave relationship, alternate with interchanging pairs 42g, 46g, 50g, 54g and 
58g. In these latter pairs of interchanging binder-top weft yarns the binder yarn provides 
the longer paper side segment of 6 paper side warp yarns and binds, in a locked position, 
to a first wear side warp yam and also binds, in an unlocked position, to a second wear 
side warp yarn to provide additional delamination resistance, both bindings being located 
in the region underlying the shorter segment of 4 paper side warp yarns provided by the 
tpp yarn. By way of example, the binder yam 14 (dotted line) of the interchanging pair 
42g provides a paper side segment with the 6 paper side warp yarns 13,15, 17, 19, 1 and 
3, and binds in a locked position to bottom warp yarn 8 and in an unlocked position to 

bottom warp yam 12. 

. In addition, in the second set of alternate binder-top pairs 42g, 46g, 50g, 54g and 
58g the stiffening section length is increased to 7 pairs of warp yarns. By way of 
explanation, the stiffening section in the pair 42g is provided by the top weft yarn 13 
(solid line) floating between warp pairs 13-14, 15-16, 17-18, 19-20, 1-2, 3-4 and 5-6. 




In all of the interchanging binder-top weft pairs in this embodiment (Fig. 8) the 
first and second warp yarns of the wear side fabric which are interlaced with the binder 
yarn are situated on either side of an intervening wear side fabric warp yarn. For 
example, in the interchanging pair 40g, the first and second warp yarns 14 and 18 of the 
wear side fabric that are interlaced with the binder yam 12 include intervening wear side 
fabric warp yarn 16 therebetween. 

The fabric disclosed in Fig. 8 employs a reversing insertion order for paper side 
segment lengths made by respective members of the interchanging yarn pairs but the 
binder and top weft member insertion order is the same for each pair. This technique was 
also used in Figure 2 and so will not be described in further detail herein. 

Table 2 shows the influence of the interchanging yarn pair material. In particular 
the shrinkage of the material has a strong influence on the resulting properties, hi both 
samples made according to Figure 8 polyamide yarns were used for both yarns in the 
interchanging yarn pair. In the LS version a relatively low shrinkage material was used 
whereas in the HS version a relatively high shrink yarn was used. Herein low shrink yarn 
is defined as shrinking by no more than 6.0%. at 180°C when tested according to the 
manufacturer's instructions. Examples of such yams, include Teijiri Monofilament 
products 804A and 807 A. High shrink materials are herein defined as shrinking by more 
than 6.0% at 180°C, Examples of such yams include Teijin Monofilament products 814A 
and 824A and Shakespeare Monofilament NX315. The fabric sample made using the 
low shrink binder material was found to be significantly thicker, although still very 
useable for many applications, but also gave stiffness benefits on account of this feature. 

Consequently it is demonstrated that when using interchanging yarns of the same 
polymer type it is possible to derive benefits due to selected yam thermal shrinkage 
properties. The interchanging yarns of a pair can both be made with both using either 
high or low shrink yarns of the same polymer or the low and high shrink yams can be 
mixed within a given interchanging yam pair. 

Note also the relative fineness of the fabric samples with approximately 66 MD 
yarns/cm and MD diameter of 0.14/0.1 8mm. It is expected that other desirable 
combinations of MD diameters (0.13/0.17) and CD diameters on paper side of 0.10 to 
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0.15mm and binder diameters of 0.10 to 0.15mm and MD yarns/cm (60-70/cm) would 
give similar results 



Table 2 





Fig 8- 
LS 


i 

Fig 8-HS 


MDDia^S^V^(i3Wi) 


044/0.18.;; 


0.14/0.18; 


CD Dia PS/WS(mm) 


0:13/0,27, 


0.13/0,27 


Interchanging pair Dia 
(mm) 


0.13 


. 0.13 


MD/CD Yarns/cm 


65.8/58.5 


65.8/57.8 . 


Thickness (mm) 


0.873 


0.841 


Void volume {cm s /m% < 


546 < 


#06 ' 


CD Bend Stiff Ratio 


107 


100 


PS Support Points 
(/cm 2 ) 


1283 1 


1267 



<5P 



Referring to Fig. 9, a partial weave..pattern is shown of another 20 shaft, triple- 

* i * W 4 

layer fabric in accortance with this invention. The complete weave pattern includes 10 
non-interchanging top Weft yarns, 10 non4ntercl)iaqging bottom weft yarns and 10 pairs 
of binder-top weft interchanging yarn pairs as in a number of the previously disclosed 
embodiments, m this embodiment the weave patterns of the 10 non-interchanging top 
weft yarns and the 10 interchanging bottom weft yams are identical to that illustrated, at 
least partially, in all previous embodiments of the invention although, as will be seen in 
later embodiments this is not a limiting feature of the present invention. 

In Fig. 9, only two of the 10 pairs of interchanging yarns are illustrated at 40h and 
42h. As in the previous embodiments, all of the interchanging yarn pairs are binder-top 
weft yams which interchange to provide two paper side segments. The binder yarn of 
each pair of interchanging binder-top weft yam pairs provides a first paper side segment 
of 4 paper side warp yarns, and binds, in an unlocked position, to a first wear side warp 
yarn and also binds, but in a locked position, to a second wear side warp yam to provide 
additional delamination resistance, both bindings being located in regions underlying said 
second segments. By way of further explanation, binder yam 12 (solid line) provides a 
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paper side segment with 4 warp yarns 17, 19, 1 and 3, and binds to bottom warp yarn 10 
in an unlocked position and to bottom warp yarn 1 4 in a locked position. 

The top weft yarn of said interchaining binder-top weft yarn pairs provides a 
second paper side segment, but of 6 paper side watp yarns," and floats between paper side 
and wear side fabrics to provide a stiffening section of ^5 warp pairs in the region 
underlying said first segments. By way of further explanation, the top weft yam II 
(dotted line) provides a second paper side segment with 6 paper side warp yarns 5, 7, 9, 
11, 13 and 15, and floats between 5 warp pairs 17-18, 19-20, 1-2, 3-4 and 5t6 between . 

* 

binding to top warp yarns 15 and 7. 

In all of the interchanging binder-top weft pairs in this embodiment the first and 
second warp yarns of the wear side fabric which are interlaced with the binder yam are 
situated on either side of an intervening wear side fabric warp yam, in the same manner 
as previously described in connection with the fabric shown in Fig. ,8. 

The fabric disclosed in Fig. 9 employs a reversing insertion order for the 
interchanging yarn pairs. That is, the binder yarn of each pair, which forms two paper 

* - , 

§ide knuckles Jn the paper side segment alternates between being inserted second and 
first in each respective pair 40h, 42h, etc. Likewise, whsn the binder yarn is inserted 
first, the top weft yarn of the corresponding pair, which forms three knuckles in the paper 
side segment, is inserted second, and visa versa. 

Referring to Fig. 10, a partial weave pattern is shown of another 20 shaft, triple- 
layer fabric in accordance with this invention. The complete weave pattern includes 10 
non-interchanging top weft yarns, 10 non-interchanging bottom weft yarns and 10 pairs 
of binder-top weft interchanging yarn pairs as in a number of the previously disclosed 
embodiments. In this embodiment the weave patterns of the 10 non-interchanging top 
weft yarn and the 10 interchanging bottom weft yarns are identical to that illustrated, at 
least partially, in all previous embodiments of the invention, although, as will be seen in 
later embodiments, this is not a limiting feature. 

In Fig. 10, only two of the 10 pairs of interchanging yarns are illustrated at 40i 
and 42i. As in the previous embodiments, all of the interchanging yarn pairs are binder- 
top weft yarns which interchange to provide two paper side segments. The binder yarn of 
each pair of interchanging binder-top weft yarn pairs provides a first paper side segment 

30 



Copy provided by USPTO from the IFW Image Database on 03/09/2005 



of 4 paper side warp yarns, and binds, in a locked position, to a first wear side warp yarn 
and also binds, but in an unlocked position, to a second wear side warp yarn to provide 
additional delamination resistance, both bindings being located in regions underlying said 

* • - 

- ♦ . 

second segments. By way of further explanation, binder yarn 12 (solid line) provides a 
paper side segment with 4 warp yarns 13, 15, 17 and 19 and binds to bottom warp yarn 4 
in a locked position and to bottom warp yam 1 0 in an unlocked position. . 

The top weft yam of said interchanging binder-top weft yam pairs provides a 
second paper side segment, but of 6 paper side warp yams, and floats between paper side 
and wear side fabrics to provide a stiffening section of 5 warp pairs in the region 
underlying said first segments. By way of further explanation, the top weft yam II 
(dotted line) provides a second paper side segment with 6 paper side warp yarns 1, 3, 5, 7, 
9 and 11, and floats between 5 warp pairs 13-14, 15-16, 17-18, 19-20 and 1-2 between 
binding to top warp yarns 1 1 and 3. 

This embodiment (Fig. 10) differs from the embodiment of Fig. 9, in that the first 
and second warp yarns of the wear side fabric which are interlaced with the binder yarn 
of each interchanging pair are situated on opposed sides of two intervening wear side 
fabric warp yams to thereby provide an additional stiffening yarn section. 

The fabric disclosed in Fig. 10 employs a reversing insertion order for the 

♦ 

interchanging yam pairs. That is, the binder yam of each pair, which forms two paper 
side knuckles in the paper side segment alternates between being inserted second and first 
in each respective pair 40i, 42i, etc. Likewise, when the binder yam is inserted first, the 
top weft yam of the corresponding pair, which forms three knuckles in the paper side 
segment, is inserted second, and visa versa. 

Table 3 contrasts sample fabric of the invention (according to Figure 10) with 
sample fabric according to the Ward '197 patent. It shows reductions in void volume and 
caliper while showing a significant enhancement in CD bend stiffness of the invention, 
i.e., a 14% increase. Both sample fabrics utilised 0.14/0. 18mm paper side and wear side 
MD yam diameter respectively at approximately 66 MD/cm. Although selected wear side 
CD diameter was 0.27mm other yarn diameters such as 0.20mm to 0.30mm are very 
suitable for use in this invention. This CD diameter range is also suitable for fabric made 
on same warp set but with 1:1 or 3:2 CD ratio. 
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Table 3 





Ward' 197 


Fig 10 


MD Dia PS/WS(rrmi) 


. 0.14/0.18 


0.14/0.18 


CD Dia PS/WS(mm)" 


0.13/0.27 


0.13/0.27 < 


Interchanging pair Dia 
(mm) 


0.13 


0.13 


MD/CD Yams/cm 


65.9/58,5 , 


65:8/58.5 


Thickness (mm) 


0.831 . 


0.8.16 , 


Void volume (cm /m ) 


"502" ' 


486 


CD Bend Stiff Ratio 


100 


114 


PS Support Points 
(/cm 2 ) 


1285 


1283 



Referring to Fig. 11, yet another embodiment of a 20 shaft, triple-layer fabric in 
accordance with this invention is disclosed. This latter fabric Contains pairs of 
interchanging binder-top weft yarns which interchange to provide two paper side 
segments as in all of the other previously disclosed embodiments. The binder yam of 
each pair ©f interchanging ; binder-top weft yarn pairs provides a first paper side segment 
of 2 paper side warp yams, and binds, in a locked position, to a first wear side warp yarn 
and also binds, again in a locked position, to a second wear side warp yarn to provide 
additional delamination resistance, both bindings being located in regions underlying said 
second segments. By way of further explanation, the binder yam 12 (solid line) of the 
interchanging pair 40j provides a first paper side segment with 2 paper side warp yams 
17 and 19, and binds, in a locked position to bottom warp yams 4 and 14, which are- also 
spaced-apart by 4 intervening bottom warp yarns 6, 8, 10 and 12. 

The top weft yam of said interchanging binder-top weft yam pairs provides a 
second pa/er side segment, but of 8 paper side warp yams, and floats between paper side 
and wear side fabrics to provide a stiffening section of 3 warp pairs in the region 
underlying said first segments. By way of further explanation, top weft yarn II (dotted 
line) provides a paper side segment with 8 paper side warp yams 1, 3, 4, 7, 9, 11, 13 and 
15, and then floats between 3 warp pairs 17-18, 19-20 and 1-2. 
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As noted above, in all the interchanging binder-top weft pairs in this embodiment 
of the invention the first and second bottom warp yarns of the wear side fabric which are 
interlaced with the binder yarn are situated on either side of four intervening wear side 
fabric warp yarns to thereby provide an additional stiffening yarn section. 

The fabric disclosed in Fig. 11 employs a reversing insertion order for the 
interchanging yam pairs. That is, the binder yarn of each pair, which forms one paper 
side knuckle in the paper side segment alternates between being inserted second and first 
in each respective pair 40j, 42j, etc. Likewise, when the binder yarn is inserted first, the 
top weft yarn of the corresponding pair, which forms four knuckles in the paper side 
segment, is inserted second, and vice versa. 

Table 4 contrasts sample fabric of the invention (according to Figure 11) with, 
sample fabric according to the Ward c 197 patent. It shows desirable reductions in void 
volume and caliper while showing a significant enhancement in CD bend stiffiess of the 
invention, i.e., a 22% increase. Both sample fabrics utilised 0.14/0. 18mm paper side and 
wear side MD yam diameter respectively at approximately 66 MD/cm. 



Table 4 





Ward 
'197 


Fig 11 


MD Dia PS/WS(mm) 


0.14/0.18 


0.14/0.18 


CD DiaPSAVS(mm) 


0.13/0.27 


0.13/0.27 


Interchanging pair Dia 
(mm) 


• 

0.13 


0.13 


MD/CD Yarns/cm 


65.9/58.5 


65.8/58.5 


Thickness {mm) 


0.831 


0.826 


Void volume (cnrVnr 4 ) 


502 _j 


493 


CD Bend Stiff Ratio 


100 


122 


PS Support Points 
(/cm 2 ) 


1285 


1283 



Referring to Fig. 12, a partial weave pattern is shown of another 20 shaft, triple- 
layer fabric in accordance with this invention. The complete weave pattern includes 10 
non-interchanging top weft yams, 10 non-interchanging bottom weft yarns and 10 pairs 
of binder-top weft interchanging yarn pairs as in a number of the previously disclosed 
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embodiments. In this embodiment the weave pattern of fhe 10 non-interchanging top 
weft yarns is identical to that illustrated in the earlier disclosed embodiments, i.e., a plain 
weave pattern. However, the weave pattern of the non-interchanging bottom weft yarns, 
e.g., Bl, B2, B3, etc. is different from the previously disclosed embodiments, as will be 
discussed later herein. . 

In Fig. 12, only two of the 10 pairs of interchanging yarns, are illustrated at 40k 
and 42k. As in the. previous embodiments, all of the interchanging yarn pairs are binder- 
top weft yarns which interchange to provide two paper side segments. The binder yam of 
each pair of interchanging buider-top weft yarn pairs provides a first paper side segment 
of 4 paper side warp yarns, and binds, in an unlocked position, to a single wear side warp 
yarn located in regions underlying said second segments. By way of further explanation, 
binder yarn 12 (dotted line) provides a paper side segment with 4. warp yarns 11, 13, 15 
and 17 and binds to bottom warp yam 6 in an unlocked position. 

The top weft yarn of said interchanging binder-top weft yam pairs provides a 

* • ' » 

second paper side segment, but of 6 paper side warp yarns, and floats between paper side 
and wear side fabrics to provide a stiffening section of 5 warp pairs in the region 
underlying said first segments. Byway of further explanation, the top weft yarn II (solid 
line) provides a second paper side segment with 6 paper side warp yarns 19, 1, 3, 5, 7, 
and 9, and floats between 5 warp pairs 11-12, 13-14, 15-16, 17-18 and 19-20 between 
binding to top warp yams 9 and 1. 

This embodiment (Fig. 12) differs from the previous embodiment in that the non- 
interchanging wear side weft yarn interlaces with the wear side warp yarns to provide a 
weave pattern with longer float lengths to thereby enhance fabric CD stiffness. By way 
of example, wear side weft yarn B3 floats under 7 adjacent bottom warp yarns (i.e., 6, 8, 
10, 12, 14, 16 and 18) between binding to bottom warp yarns 4 and 20. This same 
relationship exists for the remaining, non-interchanging wear side yarns. In addition to 
providing longer wear side CD yarn float length, for lifetime and stifmess benefits, there 
is now provided a wear side weave pattern wherein two wear side MD yarns interlace 
with a single wear side CD yam within one repeat of the weave pattern. 

The fabric disclosed in Fig. 12 employs a reversing insertion order for the 
interchanging yarn pairs. That is, the binder yarn of each pair, which forms two paper 
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side knuckles in the paper side segment alternates between being inserted second and first 
in each respective pair 40k, 42k, etc. Likewise, when the binder yarn is inserted first, the 
top weft yarn of the corresponding pair, which forms three knuckles in the paper side 
segment, is inserted second, and vice versa. 

Referring to Fig. 13, a further embodiment of a 20 shaft, triple-layer fabric in 

accordance with this invention is partially shown. This fabric, like all of the previously 

- 

disclosed fabrics, contains pairs of interchanging binder-top weft yarns which 
interchange to provide two paper side segments. This embodiment, unlike the previously 
described embodiments has an effective paper side to wear side CD ratio of one to one, 
rather than two to one. The full weave repeat, which is not illustrated, includes 10 (ten) 
paper side wefts, 20 wear side wefts and 10 pairs of interchanging binder-top weft yarns. 
The illustrated embodiment shows 3 top weft yarns Tl, T2 and T3, 5 bottom weft yarns 

* _ 

Bl through B5 and two pairs of binder-top weft interchanging yarns 40L, 42L. 

The binder yam of a first pair of interchanging binder-top weft yarn pairs 
provides a first paper side segment of 4 paper side warp yams, and binds in a locked 
position, to a single bottom warp yam dn regions underlying said second segments: By 
way of further explanation, binder yam 12 (solid line) of the interchanging pair 40L 
provides a first paper side segment of 4 paper side warp yams 13, 15, 17 and 19, and 
binds in a locked position to bottom warp yam 8. 

The top yam of said first interchanging binder-top weft yam pairs provides a 
second paper side segment, but of 6 paper side warp yarns, and floats between paper side 
and wear side fabrics to provide a stiffening section of 5 warp pairs in the region 
underlying said first segments. By way of further explanation, top weft yam II (dotted 
line) of interchanging binder pair 40L provides a paper side segment of 6 paper side warp 
yams 1, 3, 5, 7, 9 and 11, and then floats between the 5 warp pairs 13-14, 15-16, 17-18, 
19-20 and 1-2, between binding to top warp yams 1 1 and 3. 

The above-described weave arrangement is provided in alternate pairs of binder- 
top weft interchanging yams. These latter interchanging yam pairs alternate with yam 
pairs having a different arrangement, as is exemplified by yam pair 42L. 

The binder yam in the interchanging yam pair 42L, and in the other yam pairs 
that alternate with the first group of yam pairs, provides the longer paper side segment of 
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6 paper side warp yarns and binds in a locked position, to a single wear side warp yarn in 
the region underlying the shorter segment of 4 paper side warp yarns provided by the top 
weft yarn. In said second alternate binder-top pairs the stiffening section length provided 
by the top weft interchanging yarn is increased to 7 pairs of warp yarns. By way of 
example, the binder yarn 14 of the interchanging pair 42L provides the paper side 
segment with 6 paper side waip yarns 9, 1 1, 13, 15, 17 and 19, and binds to single bottom 
warp yam 6 underlying the other paper side segment. The top weft yarn 13 has a 
stiffening section length of the 7 pairs of warp yams 9-10, 11-12, 13-44, 15-16, 17-18, 
19-20 and 1-2. As noted above, this embodiment provides a paper side to wear side 
effective CD ratio of 1:1 unlike the prior embodiments which all provided an effective 
CD ratio of 2 paper side paths: 1 wear side yam. 

By comparison to the prior embodiments, which had a 2:1 CD ratio, the fabric of 
Figure 13 has a different distribution of its : CD yarns to the paper side and wear side 
fabrics. If we consider two otherwise identical fabrics except for 2:1 and 1:1 CD ratio the 
1:1 CD ratio fabric will provide more CD yams on the wear side for abrasion resistance 
whereas the 2:1 CD ratio fabric will provide more paper side yarns for higher sheet 

■ 

quality. . 

As with all embodiments, Figure 13 variants can be made wherein the 
interchanging yarn pairs possess yam stiffening sections that are either all long, all short, 
or alternating or with some other percentage or arrangement disposed as long or short 
sections. Similarly reversing of long-short paper side segments and/or top-binder yams 
may be made. 

Referring to Fig. 14, yet another embodiment of a 20 shaft, triple-layer fabric is 
partially shown. Specifically, the weave paths of 4 paper side wefts Tl through T4, 4 
wear side wefts Bl through B4, and 2 pairs of interchanging binder-top weft yams 40m, 
42m are shown. The full weave repeat includes 40 paper side wefts, 40 wear side wefts 
and 20 pairs of interchanging binder-top weft yams, thereby providing a paper side-to- 
wear side CD ratio of three-to-two. 

The embodiment shown in Fig. 14, like all of the previous embodiments, includes 
pairs of interchanging binder-top weft yarns which interchange to provide two paper side 
segments. The binder yam of a first set of alternating, interchanging binder-top weft yam 
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pairs provides a first paper side segment of 6 paper side warp yarns, and binds in a locked 
position, to a single bottom warp yam in regions underlying said second segments. By 
way of example, the binder yam i2 (dotted line) of interchanging pair 40m provides a 
first paper side segment of 6 paper side warp yams 13, 15, 17, 19, 1 and 3. 

The top weft yam of said first set of alternating, interchanging binder-top weft 
yam pairs provides a second paper side segment, but of 4 paper side warp yams, and 
floats between paper side and wear side fabrics to provide a stiffening section of 7 warp 
pairs in the region underlying said first segments. By way of example, top weft yam il 
(solid line) of the interchanging pair 40m provides a second paper side segment with 4 
paper side warp yams 5, 7, 9 and 11, and the floats between 7 warp pairs 13-14, 15-16, 
17-18, 19-20, 1-2, 3-4 and 5-6 between binding to top warp yams 11 and 7. 

The set of binder-top weft yam pairs having the arrangement of 40m alternate 
with a second set of binder-top weft yam pairs. 

In the second set of binder-top weft yam pairs the binder yam provides the shorter 
paper side segment of 4 paper side warp yams and binds in a locked position, to a single 

.i - 

wear side waip yam in the region underlying the longer segment of 6 paper side warp 
yarns provided by the top weft yam. In said second set of alternating binder-top pairs the 
stiffening section length provided by the top weft yam is decreased to 5 pairs of Warp 
yams. By way of example, binder-top weft yam pair 42m is representative of the second 
set of alternating pairs. The binder yam i4 (solid line) in this pair provides the paper side 
segment of 4 paper side warp yams 11, 13, 15 and 17. The top weft yam i3 (dotted line) 
of this pair provides a paper side segment of 6 paper side warp yams 19, 1, 3, 5, 7 and 9, 
and floats between 5 pairs of warp yams 11-12, 13-14, 15-16, 17-18 and 19-20. 

This embodiment of the invention provides a paper side to wear side effective CD 
ratio of 3:2 unlike the prior embodiments which provided an effective CD ratio of either 
2:1 or 1:1. For an identical number of woven yams, a 3:2 effective CD ratio will provide 
a significant increase in wear side yams and the same number of paper side yams as a 2:1 
CD ratio fabric such that life potential is increased. This is because the 3:2 ratio fabric 

* 

has less pairs of interchanging yams which only give a single effective yam path. 

The top weft yams all provide a plain weave pattern. The bottom weft yams are a 
5 shed repeat (as were all prior embodiments with the exception of Figure 12), with each 
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bottom weft stepping over two bottom warps relative to the previous bottom weft. To 
further explain, bottom weft Bl binds to bottom warps 8 and 18. Bottom weft B2 stqps 
over two bottom warps relative to Bl to bind to bottom warps 4 and 14. Bottom weft B3 
steps over two bottom warps relative to B2 to bind to bottom warps 20 and 10. And 
bottom weft B4 steps over two bottom warps relative to B3 to bind to bottom warps 16 
and 6. This same relationship exists for theremaining bottom weft yarns in the repeat. It 
should be noted that the 3:2 CD ratio is hot limited to fabric with 5 shaft wear side, or 
indeed plain weave paper side, but may be deployed with 10,16, 24,28, 32 shaft fabrics 

as non-limiting examples. 

Regarding the internal binder floats in Figure 14 it can be seen that these vary 
with binder i2 passing between 3 and 1 warp pairs i.e. 5-6, 7-8, 9-10 and then 13-14, 
respectively, whereas binder i4 passes between 4 and 2 warp pairs, i.e.., 5-6, 7-8, 9-10, 1- 
12 and then 19-20, 1-2 respectively. This is not a limiting aspect of the fabrics with 3:2 
CD ratio as internal float can be the same for all interchanging pairs. Similarly it is not an 
essential requirement that the 3:2 CD ratio fabrics have locked single wear side binding 
knuckles as the binders may interlace with multiple adjacent or contiguous wear side MD 
yarns in locked or unlocked positions. 

Referring to Fig. 15, a further embodiment of a fabric of this invention is a 28 
shaft, triple-layer fabric. The full weave repeat is shown, including 14 paper side wefts 
T1-T14, 14 wear side wefts B1-JB14 and 14 pairs of interchanging binder-top weft yarn 
40n, 42n . . . 66n. As in all of the previous embodiments the pairs of interchanging 
binder-top weft yarns interchange to provide two paper side segments. 

The binder yarn of each pair of interchanging binder-top weft yarn pairs provides 
a first paper side segment of 6 paper side warp yarns, and binds, in an unlocked position, 
to a first wear side warp yam and also binds, again in an unlocked position, to a second 
wear side warp yarn to provide additional delamination resistance, both bindings being 
located in regions underlying said second segments. By way of example the binder yarn 

12 (solid line) provides a first paper side segment of 6 paper side warp yarns 5, 7, 9, 11, 

13 and 15, and then binds, in unlocked positions to bottom warp yarns 24 and 28. 

* 

The top weft yarn of said interchanging binder-top weft yarn pairs provides a 
second paper side segment, but of 8 paper side warp yams, and floats between paper side 
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and wear side fabrics to provide a stiffening section of 7 warp pairs in the region 
underlying said first segments. By way of example, top weft yarn II (dotted line) of the 
pair 40n provides the second paper side segment of 8 paper side warp yarns 17, 1% 21, 23, 
25, 27, 1 and 3, and then floats between the 7 warp pairs 5-6, 7-8, 9-10, 11-12, 13-14, 15- 
16 and 17-18. 

In all the interchanging binder-top weft pairs in this embodiment the first and 
second warp yarns of the wear side fabric which are interlaced with the binder yarn are 
situated on either side of an intervening wear side fabric warp yarn. 

Variants on Figure 15 can be made regarding the binder wear side interfacings. It 
is quite feasible to modify these bindings to interlace in a contiguous or adjacent manner, 
for example, up to 4 contiguous wear side warps to thereby enhance delamination 
resistance and to reduce binder internal float length 

Regarding the paper side transition points these still number two for each 
interchanging pair. However, it is now two for every 28 MD yarns and not for every 20 
MD yarns as with prior embodiments, i.e., there is the possibility of reduced wiremark 
due to reduction in the transition points per unit area. This concept has been described in 

i 

some detail in co-pending application serial No. 60/473,664,. titled "High Shaft Fabrics" 
which was filed on May 23, 2003. The subject matter of this '664 application is herein 
fully incorporated by reference. 

Referring to Fig. 16, a partial weave repeat of another embodiment of a fabric of 
this invention is shown. This fabric is a 32 shaft, triple-layer fabric, which, like all of the 
previous embodiments, contain pairs of interchanging binder-top weft yarns which 
interchange to provide two paper side segments. Fig. 16 shows the weave paths of 3 
paper side wefts T1-T3, 3 wear side wefts B1-B3 and 2 pairs of interchanging binder-top 
weft yarns 40p, 42p. The full weave repeat includes 16 paper side wefts, 16 wear side 
wefts and 16 pairs of interchanging binder-top weft yarns. 

The paper side wefts all form a plain weave pattern within each repeat. The wear 
side wefts employ an 8 shaft repeat and step three to the right relative to the immediately 
preceding wear side weft. To further explain, wear side weft Bl binds to bottom warps 2 
and 18. The next succeeding wear side weft B2 steps three to the right relative to Bl and 
binds with bottom warps 8 and 24. The next succeeding wear side weft B3 steps three to 

* * 
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the right relative to B2 and binds with bottom warps 14 and 30. This arrangement 
continues for the rest of the bottom weft yarns within the repeat. 

The binder yarn of each pair of interchanging binder-top weft yarn pairs provides 
a first paper side segment of 8 paper side warp yarns, and'binds, in an unlocked position, 
to a first wear side warp yarn and also binds, again in an unlocked position, to a second 
wear side warp yarn to provide additional delamination resistance, both bindings, being 
located in regions underlying said second segments. By way of example, binder yarn II 
(solid line) of the interchanging pair 40p provides a first paper side segment of 8 paper 
side warp yarns 25, 27, 29..31, 1, 3, 5 and 7, and then binds, in unlocked positions to 

bottom warp yams 14 and 22. 

The top weft yam of said interchanging binder-top weft yarn pairs provides a 
second paper side segment, also of 8 paper side warp yarns, and floats between paper side 
and wear side fabrics to provide a stiffening section of 9. warp pairs in the region 
underlying said first segments. By way of example, top weft yam 12 (dotted line) of the 
interchanging pair 40p provides a second paper side segment with 8 paper side warp 
yams 9, 11, 13 ,15,17, 19, 21 and 23, and then floats between the 9 warp pairs 25-26, 27- 
28, 29-30, 31-32, 1-2, 3-4, 5-6, 7-8 and 9-10 between binds to top warp yarns 23 and 11. 

In all the interchanging binder-top weft pairs in this embodiment the first and 
second warp yams of the wear side fabric which are interlaced with the binder yam are 
situated on either side of 3 intervening wear side fabric warp yams to thereby provide an 
additional stiffening yam section. By way of example, the first and second bottom warp 
yams 14 and 22, which are interlaced with the binder yam II are situated on opposite 
sides of the 3 intervening wear side fabric warp yams 16, 18 and 20. In this embodiment 
there is no reversal of the insertion order because each of the two paper side segments are 
of the same length, i.e., 9 paper side warp yams in length. However, it is not a limiting 
feature of the invention that, where possible the segments must be of equal length, as, 
regarding the embodiment shown in Figure 16 at least one interchanging yam pair could 
be modified advantageously to provide paper side segments of different length. For 
example, decreasing the paper side segment length of top weft i2 would increase the 
stiffening section of the same yam. In this instance matching binder yam il must make 
additional interlacing on the paper side thus further enhancing delamination resistance. 



40 



Still regarding segments of different length but in multi-segment binder-top 
embodiments it is feasible to provide at least one pair of interchanging binder-top yarns 
wherein each member of the pair provides two segments each of different lengths. This 
technique has been disclosed in co-pending application Serial No. 60/477,376, titled 
Fabrics with Multi-Segment, Paired, Interchanging Yarns, filed on June 10, 2003. The 
subject matter of this latter '376 is hereby fully incorporated by reference herein, hi the 
two segment embodiments it is possible to vary segment lengths from one pair of 
interchanging binder-top yarns to another of said pairs. Benefits sought by this technique 
can include optimisation of delamination resistance or stiffening segment or break up of 

transitional warp yam twill lines. 

In both multi-segment and 2 segment binder-top embodiments it is also possible 
to redistribute transitional warp yarn twill lines by placing a different number of paper 
side CD yarns between at least three adjacent pairs of interchanging binder-top yarns. 

Returning to discuss Figure 16 directly, although paper side segment, lengths are 
equal, reversing of the binder and top yarn insertion order may still be made to prevent a 
regular spacing and twill line developing from the knuckles of the binder yarns where 
they interlace the wear side warp yarns. 

Referring to Fig. 17, a partial weave repeat of another 20 shaft, triple-layer fabric 
of this invention is shown. Fig 17 shows 5 paper side wefts T1-T5, 5 wear side wefts 
B1-B5, 2 pairs of interchanging binder-top weft yarns 42q, 46q and 2 pairs of 
interchanging binder-binder weft yarns 40q, 44q. The full weave repeat comprises 20 
paper side wefts, 20 wear side wefts, 10 pairs of interchanging binder-top weft yarns and 
10 pairs of interchanging binder-binder weft yarns that alternate with the interchanging 

binder-top weft yarns. 

Still referring to Fig. 17, the fabric includes pairs of interchanging binder-top weft 
-yarns which interchange to provide two paper side segments as in all of the previous 
embodiments of this invention. The binder yarn of a first pair of interchanging binder-top 
weft yarn pairs provides a first paper side segment of 4 paper side warp yams, and binds 
in a locked position, to a single bottom warp yarn in regions underlying said second 
segments. By way of example, binder yam 13 (solid line) provides a first paper side 



41 



Copy provided by USPTO from the IFW Image Database on 03/09/2005 



segment of 4 paper side warp yarns 13, 15, 17 and 19, and binds in a locked position to 
bottom warp yarn 8. 

The top weft yarn of said first interchanging binder-top weft yarn. pair provides a 
second paper side segment, but of 6 paper side warp yarns, and floats between paper side 
and wear side fabrics to^rovide a stiffening section of 5 warp pairs in the region 
underlying said first segments. By way of example top weft yam 14 (dotted line) 
provides a second paper side segment with 6 paper side warp yarns 1, 3, 5, 7, 9 and 11, 
and floats between the 5 warp pairs 13-14, 15-16, 17-18, 19-20 and 1-2. 

^The next binder-top weft yam pair 46q, which is spaced from the preceding 
binder-top weft yarn pair 42q by an interchanging binder-binder pair 44q, has a different 
arrangement from the pair 42q. Specifically the binder-top weft yam pair 46q includes a 
binder yam 18 that provides a first paper side segment with 6 paper side warp yarns 9, 1 1, 
13, 15, 17 and 19 and binds to a single bottom warp yam 6, which is locked. The top 
weft yam 17 of the pair 46q provides a paper side segment of 4 paper side warp yarns 1,3, 
5 and 7, and then floats between 7 pairs of warp yams 9-10, 11-12, 13-14, 15-16, 17-18, 
19-20 and 1-2. 

The interchanging binder-top weft yam pairs alternate with second pairs of 
interchanging weft yams which are disposed as binder-binder interchanging weft pairs. In 
a first pair 40q of said binder-binder pairs a first biiider yam II (dotted line) provides the 
longer paper side segment of 6 paper side warp yams 17, 19, 1, 3, 5 and 7 and binds in a 
locked position, to a single wear side warp yam 14 in the region underlying the shorter 
segment of 4 paper side warp yams 9, 11, 13 and 15 provided by the second binder 
member 12 (solid, line) of the interchanging pair. This same arrangement exists for binder 
yam 15 (dotted line) and 16 (solid line), there being no reversal of the yams. The 
inclusion of interchanging binder pairs alternating with the two different types of binder- 
top weft yams increases fabric delammation resistance. It is within the scope of the 
invention to vary the number and arrangement of interchanging binder-binder yam pairs, 
as well as the two different types of binder- top weft yam pairs. 

Referring to Fig. 18, one pair of interchanging binder-top weft yams forming part 
of a 20 shaft, triple-layer fabric of this invention is shown. This binder-top weft yam pair, 
like all of such binder-top weft yam pairs in this fabric and all of the previously described 

* 
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fabrics, contains a pair of yarns that interchange to provide two paper side segments. The 
binder yam II of at least one pair 40r of interchanging binder-top weft yarn pairs 
provides a first paper side segment of 5 paper side warp yams 19, 1, 3, 5 and 7, and binds 
to a single wear side warp yam 16 located in regions underlying said second segments. 
The top weft yam 12 of said interchanging binder-top weft yam pair 40r provides a 
second paper side segment, also of 5 paper side warp yams 9, 11, 13, 15 and 17, and 

i 

floats between paper side and wear side fabrics to provide a stiffening section of 6 warp 
pairs 19-20, 1-2, 3-4, 5-6, 7-8 and 9-10 in die region underlying said first segments. The 
interchanging yarn pair in this embodiment provides long CD orientated floats on the 
paper side fabric outer surface, as shown in Fig 18. A paper side fabric surface 
dominated by CD floats may be desirable* for example, in Tissue and some Board or 
Brown paper grades where such a fabric surface may allow a desirably rapid initial 
dewatering. The wear side weave can be selected from the group including 5 or 10 shaft 
sateen with either one or multiple contiguous or adjacent MD-CD yarn interlacing pef 
wear side fabric weft yarn i.e. acceptable wear side fabric weft paths include: over 1- 
under 4 (warps); over 1-under 1-oVer 1-under 7; over 2-under 8 etc. Furthermore, the 
paper side to wear side CD ratio maybe selected from the group including 1:1, 2:1, 3:2, 
4:3, 5:4 etc., although a single wear side bind arrangement was shown it is possible to 
provide the binder with multiple adjacent or contiguous wear side bindings. 

Referring to Fig. 19, one pair of interchanging binder-top weft yams employed in 
a 24 shaft, triple-layer fabric of this invention is shown. This fabric like all of the 
preceding embodiments contains pairs of interchanging binder-top weft yarns which 
interchange to provide two paper side segments. The binder yarn II of at least one pair 

♦ 

40s of interchanging binder-top weft yarn pairs provides a first paper side segment of 6 
paper side \?arp yarns 1. 3. 5. 7. 9 and 23, and binds to a single wear side warp yarn 18 
located in regions nnde-iying said second segments. The top weft yarn of said • 
interchanging binder-top weft yarn pair 40s provides a second paper side segment, also of 
6 paper side waip yarns 11, 13, 15, 17, 19, and 21, and floats between paper side and 
wear side fabrics to provide a stiffening section of 7 warp pairs 23-24, 1-2, 3-4, 5-6, 7-8, 
9-10 and 11-12 between binding to spaced-apart top warp yams 21 and 13 in the paper 
side region of the second segment. The interchanging yarns in the binder-top weft yam 
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pairs in this embodiment each provide two CD orientated floats over two warp yarns on 
the paper side fabric outer surface. A paper side fabric surface dominated by CD floats 
may be desirable, for example, in Tissue and some Board or Brown paper grades where 
such a fabric surface may allow a desirably rapid initial dewatering. The wear side weave 
can be selected from the group including 3, 6 or 12 shaft regular/irregular twills or 
sateens, as are known in the art, with either one or multiple contiguous or adjacent MD- 
CD yarn interlacing per wear side fabric weft yarn i.e. acceptable wear side fabric weft 
paths include: over 1-under 5 (warps); over 1-under 1-over 1-under 9 etc. Although the 
members of the interchanging pair illustrated possess an equal number of paper side 
floats and equal sized floats this is not a requirement of this invention. For example either 
the binder or the top weft members of at least one pair of interchanging weft yarns may 
provide one or three of the four CD orientated paper side floats. Such variants allow 
fabric CD bending stiffness or fabric delamination values to be enhanced by increasing 
top weft/binder stiffening float or by increasing wear side bindings in the disclosed 
manner of contiguous or adjacent. 

Referring to Fig: 20,* an interchanging binder-top weft yarn pair used in a 20 shaft, 
triple layer fabric of this invention is illustrated. This binder-top weft yam 40t , like all 
of such interchanging yarn pairs in the previously described embodiments, interchange to 
provide two paper side segments. Unlike all previous embodiments it will be n6ted that 
the transitional point of the interchanging yarns occurs between two contiguous paper 
side warp yarns and is not located underneath any single paper side warp yarn. By way 
of example, the interchanging point between binder yarn II and top weft yarn 12 is 
between contiguous paper side warp yarns 9 and 11 and also between 19 and 1. The 
binder yarn II of at least one pair of interchanging binder-top weft yarn pairs, as shown in 
Fig, 20, pro rides a first paper side segment of 5 paper side warp yarns 1, 3, 5, 7 and 9, 
and binds to a single wear side warp yarn 16 located in regions underlying said second 
segment. The top weft yarn 12 of said interchanging binder-top weft yarn pair 40t 
provides a second paper side segment, also of 5 paper side warp yarns 11, 13, 15, 17 and 
19, and floats between paper side and wear side fabrics to provide a stiffening section of 
5 warp pairs 1-2, 3-4, 5-6, 7-8 and 9-10 in the region underlying said first segment. The 
interchanging yam pairs 40t employed in this embodiment each provide two CD 
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orientated floats, each over twd warp yarns on the paper side fabric outer surface. A 
paper side fabric surface dominated by CD floats may be desirable, for example, in 
Tissue and some Board or Brown paper grades where such a fabric surface may allow a 
desirably rapid initial dewatering. The wear side weave can be selected from the group 
including 5 or 10 shaft sateen with either one or multiple contiguous or adjacent MD-CD 
yarn interlacing per wear side fabric, weft yarn i.e. acceptable wear side fabric weft paths 
include: over 1-under 4 (warps); over 1-under 1-over 1-under 7; over 2-under 8 etc. 
Although the members of the interchanging pair illustrated possess equal number of 
paper side floats and equal sized floats this is not a requirement of this invention. For 
example either the binder or the top weft members of at least one pair of interchanging 
weft yarns may provide one or three of the four CD orientated, paper side floats. Such 
variants allow fabric CD bending stiffness or fabric delaminatiotf values to be enhanced 
by increasing top weft/binder stiffening float or by increasing wear side bindings. 

It should be understood that the binder-top weft yarn pairs 40r, 40s and 40t 
disclosed for use in fabrics of this invention can be employed as all of the interchanging 
yarns in the respective fabrics, or only some of the. interchanging yarns in such fabrics. 
In accordance with the broadest aspects of the invention, the identified binder-top weft 
yarn pair can be employed only once in each repeat of the respective fabric. However, 
most preferably the identified binder-top weft yarn pair makes up all of the interchanging 
yarn pairs in the respective fabrics. 

It also should be noted, that one or more binder-binder yarn pairs may be 
employed in the various embodiments of this invention, in addition to the embodiment of 
Fig. 17, which specifically includes binder-binder interchanging yarn pairs in the 
disclosed structure. 

Referring to Fig. 21, a summary chart discloses various features of the 
embodiments of this invention specifically disclosed in Figs. 2 thiough 20. This chart 
includes 10 columns. An explanation of this chart will be given with respect to the 
embodiment shown in Fig. 2. From that explanation a person skilled in the art clearly 
will understand the data with respect to the remaining embodiments of Figs. 3-20. 

The first row of the summary chart, following the header row, includes structural 
features of the embodiment disclosed in Fig. 2. 
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The second column specifies that the fabric of Fig. 2 is a 20 shaft repeat. 

The third column specifies that the effective ratio of cross-direction (CD) paper 

side (PS) yarns to wear side (WS) yams is 2: 1 . 

The fourth column specifies that the interchanging top weft yarns of the 
interchanging top weft-binder yam pairs alternate between providing two paper side (PS) 
knuckles and three paper side knuckles. 

The fifth column specifies that- the interchanging binder yams of the pairs of 
interchanging top weft-binder yam pairs alternate between providing three paper side 
(PS) knuckles and two paper side knuckles. Thus when the interchanging top weft yarn 
provides two paper side knuckles the hinder yarn of the pair provides three paper side 

9 ( 

knuckles, and vice versa. 

The sixth column specifies that the segment lengths of the interchanging yam 

p * 

pairs are reversing in the disclosed embodiment. 

The seventh column specifies that the binder yam of each of the interchanging top 

weft-binder yam pairs is always inserted first. 

The eighth column specifies that, the length of the stiffening sections provided by 
interchanging top weft yarns alternate between 7 warp pairs (when the top weft yam 
forms 2 paper side knuckles) and 5 warp pairs (when the top weft yam forms 3 paper side 
knuckles). 

The ninth column specifies that the binder yams of the interchanging yam pairs 

do not provide any stiffening sections. 

The tenth column specifies that the binder yams of the interchanging yam pairs 
do not interlace with multiple wear side warp yams within each repeat. That is the binder 
yams interlace with only a single wear side warp yam within each 20 shaft repeat. 

Based on the abo ve explanation, the various features of the other embodiments of 
this invention would be readily understood by a person skilled in the art. Therefore, no 

further explanation is provided herein. 

It also should be noted that the yam diameters of the paper side warp yams and 
the wear side warp yams can he varied, and preferably are different from each other. The 
most preferred relationships of the diameters of the paper side warp yams and the wear 
side warp yams is disclosed in the Summary of the Invention and will not be repeated 
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herein for purposes of brevity. Suffice it to state that the specified yarn diameters and 
their disclosed relationship to each other can be employed in all of the various disclosed 
embodiments of this invention. 

Finally, although reference has been made to the yarns of the various disclosed 
embodiments having diameters, it is to be understood that the cross sectional shape of 
any or all of the yarns used in any of the embodiments may be of non-circular profile e.g. 
ovate, rectangular, square, bi-nodal, etc. 



Copy provided by USPTO from the IFW Image Database on 03/09/2005 



Applicants): Ste^rtJJsterlJay 
Filed: August 13, 2003 'Cq'sfcjtfcr TStp^030Q9 
For: Fabric Emplo^rigBinder/tbp 
! Docket No.: S1177/20074 Sheet I of 21 



T1 
B1 

11 
12 



T2 
B2 

T3 
B3 

13 
14 





} 






1 / 3v 6 / 7\ 



2 4 6 8 10 12 14 



40 




42 



PIG. n 



Copy provided by USPTO from the IFW Image Database on 03/09/2005 



r 



11 
12 

T2 
B2 

Il3 
1 14 

|T3 



Applicant(s): Stewart Lister Hay 
! Filed: A^st 13, 2003 Customer No. 030QO 
' For: Fabric Smplpying^Binder/Top ... 
Docket No.: 51 177/20074 Sheet 2 Of 2t 




15 
16 

T4 
B4 

17 
18 

T5 
B5 

19 
110 



2 2 4 6 8 10 12 -.3.4/16. 18,20 




3 2 4 6\g/l0 12 14 16 18 20 




3 J 



»'T-. 9/il\l3/-15»^ 



2 '-.2./* 6 8 40 42 14 40 16 .20 




2 mi /t\^#.^'M^ 



3 2 4 6 8 10 12 14\16/18 20 




* % i -3 w&/7\ 9AfW?W S\i 7 / 1 9 
— I-U— ~ ..- > * — ■ 

2 2 4 6 8\10 ..te 1<? 16 18 20 



42a 



44a 



46a 



48a 



T7 
B7 

113 
114 

T8 
B8 

115 
116 

T9 
B9 

J17 
118 

T10 
B10 

119 
l?0 




19 



/aT- 5 / 7**. '9/11*llP^1§ 

.-^ = — — ^ 

2 2 4 6 8 10 12 14 16M8.:20 




7% Q •11\13*15MPiV 

_ __. *""» • • • • a 

2 4 € 8 10X12/14 «> 18 20 




3 
2 




da 




10 12 14 16 




60a 



52a 



54a 



mm /s\ syTw/^.yV^iT/iX 1 

B .« • • — — — — — — — — — — — r 

2 4\.5/8 10 12 14 16 18 20 J 



5'6a 



2 -.1 • ' W 1 1 

3 "2 4 e 8 10 12 14 



•a ••a % 

14 16 18^0/ J 



58a 



FIG. 2 



Copy provided by USPTO from the 1FW Image Database on 03/09/2005 



Applicant(s): Stewart Lister H^y 
Filed: August 13, 2003\Qustorner Na.^3000 
For: Fabric Employing3mder/Top ... ' 
Docket NoT: SI 177/20074 Sheet 3 of Zi 



T1 
B1 

11 
12*- 

T2 
B2 

43 
14 

T3 
63 

15 
16 



T4 
B4 

17 
18 

T5 
B5 

19 

110 




3 
2 



— j..-- 2 * — i 

2 4 6 8 10 12 '.3.4/16 18 20 J 
2 4^%.8 10 12 14^6^8 20 



40b 




2 4 6 81012 14 16V 18/20 J 



3 




k* • • ■ * 



2 \%.M $ 8 10 12 14 46 fa 20 




2 
3 



2 4 : . 6/ 8 10 12 14 16 18 20 J 




42b 



44b 



3 
2 



2 4 6 8\j0..te 14 16 18 20 J 



46b 



48b 



111 
112 

T7 
B7 

113 
114 

T8 



2 



115 
116 

T9 
B9 

117 
118 

T10 
B10 

119 

120 



-.1 x^§/>^?vy^ri^ A . \ 

2 4 6 8 10 12VJ4/16 18 20 J 




3 
2 



...... .J: -.^"^v ,_ A. A % 

«/3\ .6/ T^T^fsWieV 1 

; »* i —.. > > • > 

2 4 6 8 10 12 14 16'"S.8..*20 J 




2 3^--%..y yKi3.-ysm ^\ 

— ■ — 

3 4 « 8 JO 12 14 16 18 




50b 



52b 



54b 



3 
2 



••••***••.. — ■ r 

2 4*. 6/8 10 12 14 16 18 20 J 



56b 




2 

3 



% 1 /sm/T^ftw^-**^'' 1 

2*6 8"'-3y/l2 14 13 18 20 I 



58b 



FIG. 3 



i- — , f «^, ( iHo^ | isdttv ffom th n 1PW Imaqe Database on 03/09/2005 



r — ^ " *" 

• AppHcant(s): Stewart Lister Hay 

; Filed: August 13,2003 Custqrner No. £3000 

For: Fabric Employing Bkider/Top . . . 
r Docket No.: SI 177/2.0074 Sheet 4 of 24 



T1 
B1 

II 
12 



iNumber of paperslde knuWes^ade by the respective members of the interchanging yarrt pair 




/IS'-. 



1 

2X4/ 6 8 10 12 14, f6 18 20 



•••5*- 



40c 



T2 
B2 

13 
14 




3 2 4 eXg/lO 12 14 16 18 20 J 



42c 



T3 
B3 




PIG, 4 



Copy provided by USPTO from the lFW Image Database on 03/09/2005 



AppHcant(s): Stewart ListerHay 
Filed: August 13, 2003* Customer No. 03000 
For: Fabric" Employing Binder/Top ... 
Docket No.: SI 177/20074 $h6fct 5 of 21 




T1 
B1 

11 . 
12 

T2 
B2 

13 
14 

T3 



IS 
16 

T4 
B4 

17 
18 

T5 



19 
110 




3 1. 
• •• 

2 2 




4 6 8 10 12 %14;*16 18 20 




2 ..1 /MB/TV 8iTNBMr«7rtB\ 

3 2 4 6\»8/i0 12 14 16 18 20 




2 \?..-*4 6 8 10 12 14 16 18 20*- 




2 1 /Tfc 5^*^ra/Tl\13 /T51H1?19\ 

3 2 4 6 8 10 12 "1^.16/1 8 20 



} 




3 
2 



2 4 6 8\l0fT2*14 16 18 20 J 



40d 



42d 



44d 



46d 



48d 



T6 
B6 

111 

112 

T7 
B7 

113 
114 

T8 
B8 

115 
116 

T9 



117 
118 

T10 
B10 

119 
I20 




2 

3 




2 





2 i/SH 



3 2 4 6 8 10^12^14 16 18 20 





2 
3 



50d 



2 4 6 8 10 12 14 16"-.la-'20 J 



52d 



} 



54d 



3gp/-*Q^T ^ I 56d 

2 2 4'"..g.*"" # 8 10 12 14 16 18 20 J 



•2"" T 6 8 10 12 14 16 1fKj2Q. s J 



58d 



PIG. 5 



Codv provided by USPTO from the lFW Image Database on 03/09/2005 



Applicants): Stewart Lister Hay \ 
Filed: August 13, 2003 *Customer*No. O3G0G 
For: Fabric Employing Biri9er/Top ... 
Docket No.: SI 177/20074 Sheet6oi*21 



T1 
B1 

11 
12 

T2 
B2 

13 
14 

T3 
S3 

15 
16 

T4 
B4 

* 

17 
18 

T5 
B5 

19 
110 



| Number of papeflflfte 1<ntf&es' made py the respective' members or tnejnterchanglnci yam pair 




2 2 4 6 \b/\0 12 14 16 16 20 

20 




2 A 




3 2 *4 6 6 10 



16 18 20 




«"lV^3^%17/lK 
2^2 4 6"* .8 10 12 14\l6/f8 20 





3 2 4 6 



»-*i&\,1.7 4 .-fft 




8 10 12 14 16 1 






8 10 12**14*13 18 20 



2 2 



40e 



42e ' 



44e 



46 e 



48e 



T6 



111 
112 

T7 
B7 

113 
114 

T8 
B8 

115 
116 

T9 
B9 

117 
118 

T10 
B10 



I20 




ri5\i7/T 



»*3\5/7\3/l« 

-a-: • . v ..„, 

3 2 4 6 \8yf0 12 14 16 18*20 



50e 



4/SV8 10 12 i4VT6Ve 20 






'1T\13/Ifr.17/1&.. 



3 2 4 6* 8 10 12 14\16/I8 20 





16 18 20 



3 1 



»*i&vi7/iSv. 




2 2 4 6 8 10 12 14 16 1 




54e 



119 2 1 y 3 vs.* 7«f|s|/ nxiay io™.na 

— \ / r*«-... ........ 

3 2X4^/6 8 iQ 12 14 16 18 20 



58e 



FIG, 6 



Copy provided by USPTO from the IFW Image Database on 03/09/2005 



11 

12 

T2 
B2 

13 < 

14 ' < 

T3 
B3 

15 
16 

T4 
B4 

17 
18 

T5 
B5 

10 
110 



Applicants): Stewart . Lister Hay ^ 
Filed: August 13, 2003 'Customer No. 03000 
For: Fabric Employing*Bin<ier/Top ... 
Docket No.: SI 177/20074 Sheet 7 a pf 21 




2 2 4 B\ 8 10/12 14 16 16 20 

•••••• 




2 .1 /3\6/7fH 




3'19\ 



3 2 4 6 8 10\12 14/16 18 20 





2 
3 




42f 



3»/&W^ l 
2 2 4 6 8 10 12 14\16 J,8/20 j 



44f 



l/«^^^ 1 

— r 

2 /*4 6 8 10 12 14 16 18 "20 I 

•••••• 



46f 



3M/^V5/^W-Tf\13/V5\17/iS\ 1 
2 2\4 6/8 10 12 14 10 18 20 J 



T7 
B7 

113 
114 

T8 
B8 

115 
116 

T9 



117 
118 

T10 
B10 




• • m 9 • WAV/// 

3 , 1 /3\ 5 /7« 




2 2 4 6 8 10-.12 14/16 18 20 




1 5/17X1 9j 




2 5 /7*. 

a** * w 

3 2 4 6 8 10 12 14\16 J8/20 

2a/^ V6 ,8 10 Ig/ flNkie 18 20 

♦••* >s — ■ 

2 2 /4 6 8 10 12 14 16 18 »J20 



19 



1^ 




n9 2»Agy^?^i"^i y^V : ^\ 

120 3 2\4 6/8 10 12 14 1C 18 20 



50f 



52f 



54f 



56f 



58f 



TIG. 7 



Copy provided by USPTO from the lFW Image Database on 03/09/2005 



11 

12 

T2 
B2 

13 
14 

T3 
B3 

15 
16 

T4 
B4 

17 
18 

T5 



19 



,10 



Applicants): Stewart Lister Hay 
Filed: August 13, 2003 Customer No. 03060 
For: Fabric Employing Binder/Top ... , 
Docket No,: SU77/20074 Sheet 8 of 21 




^^^^^^^^^^^^^^^^^^^^^^^ ^f^BUBM^MfciMfcifcMi^ * *•'¥ 

Number of papergldg Knuckles maqe oy ine respective mempers ortne iniercnanging yarn pair 



4 6 1Si 



,14 16 18 20. 



2 2 4 6 8 10 12 



20 




a * ssy.ZS.<£il- 

2 -.I.-' HH 



5P» 




3 2 4 6**..3-*"i*d , %.12..*fa 16 18 20 




3 ••.1..'"S-. % 5; 



lir'13% 




2A4V6 8 10 12^T3V16 18 20 



2 ili./3\5/7^^/i^ nKl2/^ 
3 2 4 6 8 10 12 14\j6/fe. 20 J 





2 2 4 6 



18 20 



40g 



42g 



44g 



46g 



48g 



T6 



112 

T7 
B7 

113 
114 

T8 



115 
116 

T9 



117 
118 

T10 
B10 




111 2«^^^J3;^ 



3 2\.*-**6\jjfl0 12 14* 16 18 20 




^•1&-..1V1* 





2 ^.yS\j£*|p'^^ 

3 2 4 6 6 ICk.12- 14tJ6/-18 20 




3 wi.-'S**-. §..--7'-.^"i'iip 



17/19 



2 2 4\6/lB\ia/i2 14 16 18 20 



15/TT\1Qj 




2 4 6 




10 12 14 16 




n9 2 <u^ m/ % ^^^^ 9^ 

I20 ' 3 4/6 ' 8 '.0 12 .14 16 lG\?a 



50g 



52g 



54g 



^56g 



58g 



TIG. 8 



Codv provided by USPTO from the IFW Image Database on 03/09/2005 



. Applicants): Stewart Lister Hay 
Filed: August 13, 2ti03 Customer <&O0O 
For: Fabric Employing Binder/1'op ... 
Docket No.: S 11 77/20074 Sheet 9 of 21 



T1 



B1 



11 



{Number 6f paperside knuckles made by the respe ctive members ot tnelrtfercfianging yarn pair 





6 18 20 



40h 



T2 
B2 

13 
14 





3 2 4 6 8 10 



• • • • • a « _ % 

r11\13.^5\17..*1».. J 
12\4/liN^§^ J 



42h 



T3 
B3 




FIG.. 9 



Copy provided by USPTO from the IFW Image Database on 03/09/2005 



S Applicants): Stewart Lister Hay \ 

Filed: August 13, 2003 t Customer No><03O0O 
f For: Fabric Employing Binder/Top 

Docket No.: SI 177720074 Sheet 10 of 21 



T1 
B1 

11 
12 



(Number of paperside knu%e^made by' the respectiv e members of the interchanging yarn pair 





401 



T2 
B2 




13 
14 




./7\.9--"l1-..13..-*1 



3 2 4 6 




10 12 



16 18 20 



42i 



T3 
B3 




FIG. J.0 



Copy provided by USPTO from the IFW Image Database on 03/09/2005 



• •- 



T1 
B1 

11 

12 

T2 
B2 

13 
14 

T3 
B3 

15 
16 

T4 
B4 

17 
18 

T5 
B5 

!9 

1*0 



Applicants): Stewart Lister Hay 
Filed: August 13, 2003 Customer .«toA03j£.q9 
For: Fabric Employing Binder/Top ... 
Docket No.: SI 177/20074 Sheet ljj of 21 



* 

? - 





6 8 10 12 




16 18 20 




1 



4 2 4 6 





4 ...i„/3ir" 




14 16 18 20 





4 2 4 



8 10 12 14 





4 ..L^s.ft^^ 
^/fT1^9^2l4 1C 18 s 



40j 



42j 



44j 



46j 



48j 



111 
112 

T7 
B7 

J13 
114 

T4i 



115 
116 

T9 
B9 

117 
118 

T10 
B10 

119 
I20 



1 .. .1 ./ *H| 




16 18 20 




2 4 6 



12 14 16MS/20 





4 V 2/4 6 8 id 





50j 



52j 



54j 



4 -4^r-sjt/"VH 




56j 




1 IM/T*'^ I 
4 2 4 6 ^1Cl/l2 14 16l5vg9^ J 



58j 



%PI G .11 . 



Tv^v wwirferf hv I ISPTO from the IFW Image Database on 03/09/2005 



Applicants): Ste^yart Uster Hay 
Ftlecl: August 13, 2003 Customer<>lo,<pa900 
For: Fabric Employing'Binder/Top ... • 
Docket No.: SI 177/20074 Sheetli of 21 



Number of paperslde knuckles made by the respective 
members of the interchanging yarn pair 



f 13\Jjr 17\19 



2"~4\jB/8 10 ML 14 16 18 20 




40k 



T2 
B2 




2 4 6 8 io i^^Nieu^NaL. 



13 
14 



2 
3 



15,^17-^19. 



4 6 8 l6"l2 "14 16 18 20 



42k 



T3 
B3 




FIG. 12 



Codv provided by USPTO from the IFW Image Database on 03/09/2005 



T1 
B1 



B2 



i1 
i2 



.Ct 



Applicants): %wart.Mster.*Jay " - , 
Filed: August 13/2003 Customer tto: 0300$ 
. For: Fabric Employing Binder/Top ... 
Docket No.: S1.177/&Q074 jSJ&eet 13 of %\ 



i Number of paperside Knuckles made by the respective members of the interchanging yarn pair 




4 6 8 10 



14 16 18 20 



1 3 5 7 9 11 13 15 17 19 



8 10 12 14/l6tJ8 20. 



3 1/ 3 V 5/ f\ 11\13 






40L 



T2 
B3 




B4 



1 3 5 7 9 11 13 15 17 19 




6 8 10 




16 18 20 



13 
14 



3 2 4 % % 6.X8* 10 12 14 16 18 20 



42L 



T3 
B5 




2 4 6 /S\l0 12 14 1gAl8\20 



TO., .13 



Copy provided by USPTO from the IFW Image Database on 03/09/2005 



• * 



Applicants): Stewart lister Hay 
Filed: August 4 3, '2003 Customer JNo. <G3000 
For: Fabric Employing Binder/Top ... 
Docket ftp.: SU77/20Q74 Sheet 14 of 21 



[Number of paperside kriuoktes made by the Respective members of theWerchangirig yarn pair 1 




1 



2 4 6/ 8V10 12 14 16/T8\20 




11 



A 




8 10 12 



6 18 20 




▼ 

2 



2 4 6""8"Td%i^/l4 16 18 20 J 



40m 




2 4 6 87lT\j2 14 16 18j2B\ 




3 S\;Z^9VjKWNt5 
2 2\4-^6 8 10 12 14 16 



42m 



PIG. 11 



Copy provided by USPTO from the IFW Image Database on 03/09/2005 



• Applicants): Stewart Lister Hay 
Filed: August J3, 2003 Qustomer We*. 

. For: Fabric Employing Binder/Top ... 
Docket No.: SI 177/20074 Sheet 1 5 of 21 



4 



T1 
B1 

H 
12 

T2 




13 
14 

T3 
B3 

15 
16 

T4 
B4 

17 
18 

T5 
B5 



19 



110 

T6 
B6 

111 
112 

T7 
B7 

113 
114 



4 ..V^sP 



'liVl 



1 4 6 8 10 ^"14 16 



5 18 20 22v s 24/26\ge/' J 



40n 




1 Vl/S \7f 9AUl-^3Ai&^l7 

2 8 10 12 14 16 18, 



2Vte3/2* 





2 24 26 28 



3 



1*23^*5/2^ 




} 



42n 



2 4 6 8^o\l2 14 16 18 20 2J 



26 28 



f5 



4 *.AX3S^^.^Yl» 

3 2 VV6\8/10 12 14 16 18**20 *22 24 26 



44n 



1 \7/ 9Xl**l3^ti*7^ia/21 >£3 

2 4 6 8 10 1^14\16 18 20 22 24 26/2« 



4 2 4 "^V^/l3\iyi4 16 18 20 22;-24*'26 28 

20 22 24 26 28' 



} 



46n 




1V3 
2 /? 




6 8 10 12 14 1 




18 20 22 24 26 28** 



} 



48n 




24 2f 26 



} 



50n 




3 V5X 7 



b"*12 14 16 18\2iV^2\24^26 28 J 



52n 



115 
116 

T9 
B9 

117 
118 

T10 
B10 



3 
4 



"2 4 6 8 10 T2~14 16 18 



J 20^24^2^8/- J 



54n 




4 



V.25X27* 




} 



56n 



FIG. 15 • 



1 \3 ^5^7y^\2 0 ^Ts^syr^9^ri^^ 

2 4 6 8^o\l2 14 16 18 20 22^9^26 28 





2 /*\6 8 10 12 14 1^8^20 22 24 26 28 




119 3 -.l.S^J^^.Sf'HM 

120 4 2 

T11 
B11 

121 

122 

T12 
B12 

» 

123' 
124 

T13 
B13 

125 
126 

TV* 
B14 

I27 
128 



S8n 



60n 




20 22 24 26 2$ 



62n 




64n 



3 2 V 6 m 8 10 12 




.U.WM 



4 2 4 6 8 10 12 



12 1416^1^0^2^^^^ 28 J 



66n 



Codv provided by USPTO from the IFW Image Database on 03/09/2005 



• ■ 



Applicants): Stewart Uster Hay 
Filed: ASgust 13,2663 *OiBtomerWb.«B.qG0 
For: Fabric Employing Binder/Top ... 
Docket No.: SI l??/20074 Sheet 1 6 of 21 



T1 
B1 

11 
12 




.1 



31 




4 6 8 10 12 14 16 




0 22 24 26 28 30 32 




2 4 6" 8 10 



> • 



26 28 30 32 



40p 



T2 



13 
14 




1\3 



1 3X1 5A1 



1 




10 12 14 16 1«8 20 22/^ 26 28 30 32 



4 6 



8 V 10 X '12"* l4~Te*"18''20 22 2^26f28~30 32 j 



42p 



T3 
B3 




31 



2 4 6 8 10 12/4\l6 18 20 22 24 26 28^0\32 



FIG. 16 



Copy provided by USPTO from the IFW Image Database on 03/09/2005 



Applicants): Stewart Lister Hay 
Filed: August 43, 2003 «Customer^o:«300i> 
For: Fabric Employing 3inder/Top ... 
Docket No.:*Sl 177/20074 Sheet 17 of 21 



T1 
B1 

11 
12 



umber of paperside knuckles made by the respective members of the Interchanging yarn pair 




•..1 .-iN i.**V-B^\13/lS«/l8r.. 1 

x -**? m ..♦•* f 

2V4/6 8 10 12 VI 18 20 J 



40q 



T2 



13 
14 

T3 
B3 

15 
16 




2 4 6 



\g/l 



10 12 14 16 18 20 




19> 



3 1 9/Vi\13/i5li 
2 %2./4 6 8 10\12A14 16 18 20 



42q 



44q 



T4 
B4 

17 
18 





.3 



M /h"\13/l 5*'..1 7/ 1 9\ 



2 4*. 6 / C 10 12 14 16 18 20 



46q 



T5 
B5 




PIG. 17 



Codv provided by USPTO from the IFW Image Database on 03/09/2005 



Applicants): Sjgwart Lister Hay t , m 
Filed: August 13, 2003 Customer 00© 
: For: Fabric Employing Binder/Top ... 
Docket No.: SU77/20074 Sheet \£ of%\ 



11 



1 a 5 7^V aril 13 15 17-J9 

2 4 6 8 10 12"l4Vl6/l8 20 



*« 



40r 



FIG* .18 



Copy provided oy USPTO from the 1FW Image Database on 03/09/2005 



Applicaa t(s.):. Stewart lister <Hay 
Filed: August 1 3..2003 Customer No. 03000 
iFOr: Fabric Employing BinderrTop ... 
Docket No.: SI 177/20074 Sheet 19 of 21 



11 , f 1 3\g/-7 9\1V13 15\1J?/19 2f**J23^ 

12 2 4 6 * 8 10 12 14 16V18/20 22 24 



40s 



FIG. 19 



Copy provided by USPTO from the IFW Image Database on 03/09/2005 



Applicant^: Stewart ListeriHay 
? FiIett.Au^stl3,2003 CustottterNo/<)306© 
Fpr: Fabric Employing Binder/Top . v 
Docket No.: SI 177/20074 Sheet 20 of 21 



r 



2 4 6 8 10 



1214Vlg/l8 20 J 



40t 



PIG. 20 



Copy provided by USPTO from the IFW (mage Database on 03/09/2005 



AppJicant(s0: Stewart Lifter ^lay « 
Filed: August 13, 2003 Customer No. $300© 
For: Fabric Employing BinderVTop ... 
Docket No.: S1177/20074 Sheet 21 of 21 



i 




> 



rig. 

No. 


Weave 
Repeat 
(No. or 

MD 
varnsL 


CD Kauo 
(PS. Wo) 

Effective 


no r\nucKies 

■Ml ^M ^M % M AM 

made py an 
i ntercnang ing 

1 op UU 


f"*! I/mi iaMa^ 

Ho KnucKies 
made oy an 
interchanging 
Binder cu 


kg versing 
segment 
lengths tor 
interchanging 
CD pairs 


insemon order 
tor Dinoer 
members or 
1 changing 

« 

pairs 


Lengtn or 

% MM, A ^M MJk Lm mmm MM M| • MM 

interchanging 

top OU Still 

section 
(warp, pairs) 


Lengtn or. 
intercnanging 
Dinaer suit 
section ^ 

# ft M. MM mm ^m |mMl » 

(warp pairs; 


tsinoer 

|MM ^M l^^S tfM. 

maKes 
muitipie Wo 

4 MMkA a m| ^M A t M ^MI A 

interlacings 


2 


on 






o or. ^ , 


yes 


always tsi 


/ or O 


none 


MM ^ k 

no 1 


3 




O- -1 




o 


yes 


ist or ^na A 


-7 


none 


MM ^M. 

no 


4 


OA 


0"i 


o 
«3 






zna or ist 




(MM JMMM ^ 


. no 


o 


20 


o« <i 
A. A 




o 


\ fA MM. 

yes 


i st or ^na 




M ^M MMl — » 

„ .none 


M Mi 

• -no 


6 


20 




O 




yes 


^no or ist . 


0 


none. 


no 


7 

f 


20 


2*1 


2 


3 


ves 


1st or 2nd 


7 


none 


yes 


a 


20 


2:1 


3 or 2 


2 or 3 


yes 


always Snd 


5 or 7 J 


none 


yes 


9 


20 


2:1 


3 


2 




2nd or 1st 


•'5 1 


-none 


yes 


10 


20 


2:1 


3 


2 


yes 


2nd or 1st 


5 


2 


yes 


11 


20 


2:1 


4 


1 


yes 


2nd or 1st 


3 


4 


yes 


12 


20 


2:1 


3 


2 


yes 


2nd or 1st 


5 , 


none 


no 


13 


20 


1:1 


3 or 2 


2 or 3 


yes 


always 2nd. 


5 or 7 


none 


no 


14 


20 


3:2 


2 or 3 


3 or 2 


yes . 


always 2nd 


7 or 5 


none 


no 


15 


28 


2:1 


L_ ^ 4 


3 


yes 


2nd or 1st 


■ 7 


^none 


yes 


16 


32 


2:1 


4 


4 


no 


1st,2nd or alt 


9 


s 3 


yes 


I 17 


20 


2:1 


o; 2 or 3 


3 or 2 


yes 


1st or 2nd 


0 or 5 or 7 


none 


no 


18 


20 


* 


1 


1 


no 


1st,2nd or alt 


6 


none 


tip 


19 


24 




2 


2 


no 


1 st,2nd or alt" 


7 


none 


no 


20 


20 


* 


2 


2 


no 


1st,2nd or ait 


5 


none | no j 



* can be either 1:1, 2:1, 3:2 etc 



PIG, 21 



Copy provided by USPTO from the IFW Image Database on 03/09/2005 



